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WATER RESOURCES
AND
GEOLOGY OF THE KITSAP PENINSULA
AND
CERTAIN ADJACENT ISLANDS

ABSTRACT

The Kitsap Peninsula and certain adjacent islands,
with & land area of 668 square miles, are located in central
western Washington, Bounded on nearly all sides hy marine
waterways of the Puget Trough, the report area includes all
of Kitsap County and portions of Mason, Pierce and King
Counties. With an increasing growth rate since World War 11,
1962 census flgures show an estimated population of
105,000 persons, This amounts to a density of 157 persons
per square mile, more than 3.6 times the state-wide average.

The report area has basically a-maritime climate, with
mild, wef winters, and cool, dry summers. Precipitation is
moderate in the southern part-of the area, while the northern
part of the Kitsap Peninsula, lying more directly in the vain
shadow of the Olympic Mountains, receives considerably less
rainfall, Mean annual precipitation ranges from about 26
inches in the north to nearly 80 inches in the vicinity of
Green and Gold Mountains in the central part of the study area.

The land surfage of the Kitsap Peninsula consists
primarlly of low rolling hills which are remnants of a glacial
deift plain. The original plain, underldin by-unconsolidated
sands, gravels, silts and clays which were deposited by suc=
cessive glaciers entefing the Puget Trough from the north,
has been modified and dissected both by glacial and stream
erosion, and by wave action.

Raocksin the report area range in age from Tertiary to
Recent, the oldest being a thick sequence of basaltic Tava
flows which are eguivalent of the Metchosin volcanics of
Eocene dge. Overlying the volcanic raocks 15 the Blakeley
Formation of Oligocene age, composed primarily of marine
sandstone, shale and conglomerate. These sedimentary
rocks are exposed along the shorelines of Port Washington
Narrows and Rich Passage north and east of Bremerton, and
on the south end of Bainbridge Island. The Blakeley For=

ntation is averfain by thick layers of material consisting of
unconsolidated to semiconsolidated sand; gravel, silt-and clay
which comprise the glagial and interglacial deposits of the
Pleistocene'Epoch. A mantie of soil, peat, and other Recent
alluvial materials, from a few Inches to several feet in thick-
ness, overlies most of the report area.

Sufficient ground water for domestic purposes is availa-
ble from wells in nearly all parts of the study area. Inmany
places domestic supplies are developed.from-shallow dug wells
tapping perched ground water in the recessional sutwash
materials whish overly the relatively impermeable Vashon till,
Most of the drilled wells in the report areg ohtain moderate
supplies of ground water from the sands and gravels of the
advance outwash and Colvos Sand which underlie the Vashon
till. The aguifers with the greatest potential for future develop-
ment of moderate to large supplies are the coarse sands and
gravels of the Salmon Springs(?) Drift which is pregent at
greater depths beneath most parts of the report area. The pre-
Salmon Springs(?) deposits, undifferentiated, consist predomi-
nantly of massive blue-gray clay and are, therefore, not con-
sidered as a potential source for development of Jarge amounts
of ground water. Several wells have penetrated the Blakeley
Formation but the [imited amount of water ohtained was general=
ly of poor gquality. Due both fo the lack of readily available
surplus waters and to unfavaorable geologic conditions it is
improbable that an extensive artificial around-water recharge
program would be suitable in the report area.

As a result of Tts irreqular shape, only a few major
stream systems have developed on the Kitsap Peninsula,

Mast of the study area s drained by many small, relatively
short streams that discharge directly into the surrounding
marine waters, A study of topographic maps-and field investi-
gations disclosed a total of BB2 separate stream systems in
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2 WATER RESQURCES AND GEQLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

the area, of which only 12 have drainage areas exceeding 10
square miles.

Basically similar flow patterns-are displayed by most
of the streams and, essentially, the variatians in flow closely
follow the seasonal trend of precipitation. In winter, preci~
pitation occasionally ocours in the form of snow but'generally
warm temperatures prevent accumulation and the effect of
snow storage on streamflow Is insignificant. The highest
flows are produced by directrunoff following winter storms,
whereas low flows, sustained by ground-water effluent, occur
diiring the precipitation deficient summer maonths.

Both streamflow records and geology indicate that
ground-water contributions to streamflow vary considerably
throtighout the area. Aguifers are commonly continusus acrass
topographic divides, permitting the ground waters of certain
basins to migrate to adjacent dralnages. Becausemost drain-
ages are small, little flood damage has ogcurred in. the area.

The flow characteristics of major streams in'the area
were analyzed from avallable records and the results are
graphically presented in terms of daily-discharge hydrographs,
bar charts of monthly discharge, discharge~duration curves,
and discharge~duration hydrographs. Various statistics
detived from the data show that the variahility ofannual run-
off throughout the report area is generally low and the yield of
most streams is quite consistent from year to year. Using the
entire period-of record for each gage, coefficients of variation
for-annual runoff range from a low value of about 11 percent
for Dewatto- Creek to a high value of 26 percent for Huge
Creek.,

The chemical quality of ground water in the study area
is generally adequate for most uses. Measured dissolved-
solids contents range from 64 to 346 ppm. However, about

80 percent of thevalues are less than 150 ppm, and include
mostly &ilica, calciiim, magnesiom, and bicarbonate. Almost
all sampled ground water from the Colvos Sand and younger
units contains fess than 100 ppm of dissolved salids, whereas
water in the Saliion Springs(7) Drift and older formations
characteristically contains more-than 100 ppm. Concen~
trations of patassium and phosphate also show characteristic
differences from unit to-unit, and they can be used in combi-
nation with the dissolved-solids content to determing the
gealoaic source of graund water on the peninsula and adjacent
islands. Measured hardnesg-of-water valugs are dsgreat as
190 ppm, but most of the ground water s soft or only moderately
hard -Gess than 120 ppm). lronin solution at the tme of sample
collection was as great as 0.62 ppm, but mest-water contain-
ing more than 0.20 ppm is restricted to the northeastern and
southeastern parts of the study area.

Deterioration of ground-water quality may soon hecome
an imporlant factor i some parts-of the peninsula and adjacent
islands hecause of increased withdrawals In areas subject to
cofitamination by waters of Undesirable guality from deeper
aquifers or from the Puget Sound.

Stream and lake water in the study area characteristi-
cally contains smaller amounts of dissalved solids than the
ground water. For streams, thisis especially true during
petiods of high flow, (During low flow, the streams more nearly
resemble ground water chemically-because spring flow. provides
much of the surface~water discharge during such periods.) The
surface water {5 suitable for-mosbuses throughout mugh of the
year. However, streams in the eastern part of the study area
carry large-amounts of highly colored dissolved organic material
during periods following ahundant rainfall.

DNR-00005389



INTRODUCTION

This study of the Kitsap Peninsula and certain
adjacent islands was made by the Division of Water Resourcés
of the Washington State Department of -Conservation, with con=
tributions by the U, S, Genlogical Survey. The report is part
of an overall inventory of the State's water resources being
conducted by the Division of Water Resources under the
general directlon of Murray G, Walker, Supervisor, and under
the direct supervision of Robert H. Russell, Assistant Super-
visor. The sections of the report contributed by the U. S.
Geological Survey were prepared under the general supervision
af Fred M. Veatch, District Engineer of the Surface-Water
Branch, Tacoma, Washington, and Les B. Laird, District
Chemist of the Qualjty of Water Branch, Portland, Oregon.

The sections of the report prepared by the Division of
Water Resources are-authored by Dee Molenaar, Geologist;

M. E. Garling, Hydraulic Engineer; and G, H. Fiedler,
Hydraulic Engineer, Authors of the sections.contributed by
the U. 5. Geological Survey are E. G. Bailey, Hydraullc
Engineer and A. §. Van Denburgh, Geologist. Specifically,
thie major areas of contribution and responsibility are as fal-
lows:

Robert H. Russell, ... Project Supervisor

Dee Molendar.cvameass Physical description, Economics of
the reglon dnd Geology and ground-
water resources

M. Edward Garling . ... Climate, Economlcs of the vegion,
Streamflow characteristics, Evaluation
of the surface-water supply, Water
development sites and Water appropri-
ation

Earl G, Bailey,....... Basic streamflow data and Fleods in
the report area

A. S. Van Denburgh, . . Water quality

Glen H, Fledler,...... Water rights and water law

For clarity of reference, authorships are alse Indicated
under the title of sach major section of the report,

PURPQSE AND SCOPE OF THE INVESTIGATION

Since the close of World War 1] the Kitsap Peninsula
area has experienced a steadily increasing demand for indus=
trial, irrigation and domestic water supplies. Since com=
pletion of the Tacoma Narrows Bridge and the Hood Canal
Floating Bridge in-the southern and northern parts of the Pen-
insula area, respectively, and with the pessible future con-
striuctian of one or more actoss~Puget Sound bridges further
linking the Peninsula with the mainland, it is evident that
there will be a rapid acceleration inthe area’s economic growth

and demand for additional water. To adequately meet the
water needs for the expected expansion,a thorough knowledge
of the water resources is required,

In planning and compiling information for this report,

the authors have tried to answer the following questions:

1. What are the quantitative and gualitative charac~
teristics of the surface and ground-water
resources of the area under study?

2. What is the present kiown demand against the
total water resource?

3. How much water s still available for appropri=
ation and where are these supplies located 7

4, How much additional water can be made availa-
ble through the development of surface-water
storage reservoirs, and what s thefeasibility
of artificial recharge of ground=water resetvoirs?

Work was started on the Kitsap Peninsula study in
October; 1960, and was completed in June, 1963. The
study consisted of a compilation of existing data, a thorough
evaluation of previous warks, and geologic-and hydrologic
mapbing of areas'which had not been previously mapped in
detail. Existing information was modified and updated with
more recent findings.

Because only limited basic data were available on
water guality in the report area prior to the stdrt of the project,
additional samples of both surface and ground water were col=
lected for this study. With the resulting information, efforts
were made to correlate the chemical constituents of ground
waters to the geologic formations from which they were obtained,
and, likewise, to correlate surface waters to the materials
across which they flowed,

The datd presented hereln are designed to.asslst engi-
neers, geologists, and hydrologists, as well as municipal,
county, state and federal agencies who are actively associ=
ated with the planning and development of water resource pro-
jects,

LOCATION AND EXTENT OF AREA

The area under study includes approximately 6468
square miles of land located entirely within the Puget Sound
lowland in west-central Washington State {fig. 1), Itis
bounded on the west by Hood Canal and Case Inlet, on the
north and east by Admiralty Inlet and Puget Sound, respective~
ly, and on the south and southeast by southern Case Inlet,
Nisqually Reach, Cormorant Passage and the Narrows. The
area includes all of Kitsap County (402 sguare miles), and
parts of Mason County (108 square miles), Pierce County
(121 square miles), and King County {37 square miles), The
report covers 15 slands, with McNeil and Ketron Islands
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being included for cursary surface-water studies only. The
total insular area studied covers 86.3 square niiles and a
total of the peninsular areds covers 581.8 square miles. The
project area lies within Townships 19 through 28 North and
Ranges 3 West through. 3 East, Willamette Meridian.

PREVIOUS INVESTIGATIONS

Since the 1890's several studies of the gealogy and
hydrology of the Puget Sound lowland have included all or
parts of the area of this report. In most cases, however, the
previeus works referred only generally to the area encompassed
by the present report, or dealt with specific problems of
limited areal scope,

The earliest geclogic investigation which included the
study drea was made by Bailey Willis: In 1898 Willis
described some of the glacial drift stratigraphy of the Puget
Sound region. In 1913, J Harlan Bretz described the olaci-
atlon of the Puget Sound lowland.

A soil survey of Kitsap County was conducted d@nd &
report by Robert Wildermuth and others (1939) describes the
various soil types which mantle the county.,

Surface water supply papers of the U, &, Geclogical
Survey and Water Supply Bulleting No. 6 and No. 15 of the
Washington State Division of Water Resources provide daily,
monthly and annual streamflow data for streams:in the State of
Washington. Data relating to size of drainage areas of
Western Washington, as measured above the sites where dis-
chirge measurements have heen made, were compiled by
Donald Richardson (1262) of the U. S. Geological Survey.
E. E. Wolcott (1961) of the State Divislon.of Water Resources
describes the lakes of westérn Washington which inclide all
named lakes and unnamed lakes of one acre or more In area
within the study area.

Several Investigations have been made of genlogic and
hydrologic conditions within specific parts of the study area.
These include an apen-file report by A, M. Piper (1930)
which discusses water-supply possibilities for use by the
U. 8. penitentiary on McNeil Island, a report by Howard
Coombs {19551 which discusses the geolagy of the Union
River dam site For the City of Bremerton, and a report by
R. W. Beck and Aszsociates (1960) which disctsses a pre~
liminary engineering study of the Gold Creek reservuir site
and distribution route for the Kitsap County Public Utility
District No. L.

The previous geologic and ground-water study most
tmportant to this report was that made of Kitsap County praper
by J. E. Scevall957) of the U. S. Geclogical Survey.
Sceva's work provided the basis for extension of the geologic
mapping 1o include the entire Kitsap Peninsula and certain

adjacent Islands. Minor modifications were made of Sceva's
mapping of Kitsap County; and some stratigraphic units were
renamed upon the basis of cerrelation with mere recently
examined late Pleistocene deposits in other parts of the Puget
Sound lowland, This repart incorporated a part of Sceva's
information on well logs into updated tabulations,

CONCURRENT STUBIES

During the course of this investigation, two goncur-
rent studies were heing made in adjacent areas. Noble'and
Wallace (in preparatian) of the Division of Water Resotlirces,
geolagically mapped Thurstsn County to the south and Walters
and Kimmel {in preparation) of the U, 5. Geological Survey
mapped part of Pierce County to the east, These authors ex~
changed ideas with the result that-many complex gealogic and
stratigraphic problems common to all areas were better under-
stood and correlated,
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CHARACTERISTICS OF THE REGION

PHYSICAL DESCRIPTION

By Dee Molendar
PHYSIOGRAPHY

Kitsap Peninsula and certain adjacent islands lie
entirely within the Puget Trough section of the Pacific Border
physiographic province (Fenneman, 1917, p. 85). The Puget
Trough is & long northward-trending lowland between the
Cascade Mountains on the east and the Olympic Mountains and
the Coast Range onthe west, and extends from the central part
of western Oregon into Canada. Itsnortherd section within the
State of Washington contains the marine embaynients known
collectively as Puget Sound.. These embayments scoupy a
drainage system that has been greatly modified by glaciation.

Most of the land area of the Puget Sound region consists
of remnants of a glacial deift plain. Thesurface is composed
generally of low, flat-topped rolling hills and ridoes separated
by valleys and marine embayments. The land areas generally
rise to altitudes of 400 to 600 feet and.vange in size from
small isltands of less than a square mile in.area to uplands-of
several hundred square miles. Most of the slopes from the
upland areas to Puget Sound are quite steep. Wave cutting at
the foot of the slopes has in places produced sea cliffs which
are as much as several hundred feet high.

The Green Mountain=Gold Mountain area'west of
Bremerton is a rugged group of Rills which cover about 20
square miles, They are composed of volcanic rocks and,
related-as outliers to the Olympic Mountains, ¥ise as an
Yisland! abiove the surrounding plateau surfdce to a maximum
altitude of 1,761 feet. Their individual hills are separated
by steep-walled canyons. which have been eroded to depths as
great.as 1,000 feet.

VEGETATION

The original virgin forests that covered the study area
a little more than LOU years ago have now been more completely
harvested than those of any other area in the Douglas fir region
of western Washington and Oregon. This has been due primarily
to the accessibility of the peninsular and insular areas to tide~
water-and to the highly-developed lumber-manufacturing centers
of Puget Sound. With such favorable conditions, logging began
at an early dalte and has progressed until only a few small
scattered-parcels of original stand remain.- Only about a third
of the remaining saw-timber volume is today composed of old=
growth timber,

The virgin timber growth consisted dominantly of
Donglas fir, interspersed with western hemloek, spruce,
western red cedar, willow, alder, Oregon maple, vine maple,
and madrona. Conifers and deciduous trees have reseeded in
most of the cut-over ar fire-scarred areas and have attained a
growth for future utilization. The undergrawth is a luxuriant
and dense tangle of many different plants; some of which grow

to heights ranging from 4 to 6 feet. It consists mainly of
salal, ferns; huckleberry bushes, Oregon grape, rhodadendron,
vines, and coarse grasses. Fireweed is common over cleared
and burned-gver areas. Many of the marshy areas are treeless,
and the principal growth in such places includes mosses, cran~
berry hushes, wiregrass, reeds, rushes,; sedges; ferns, and
other water-loving plants. Conifers dominate the forests an
the deep sandy soils and deciduous trees are common on soils
with a higher water-holding capacity. In the wetter sections,
alder grows abundantly , interspersed among the evergreens,
and in-some such areas second=growth alder is the domiant
tree,

GEOGRAPHIC PROVINCES

In this report the area has heen divided into nine geo~
graphic provinces as shown o Figure 1. These provinces
include the northern upland, central upland, Bainbridge Island,
westetn-upland ,;: southern upland ; Vashon-Maury-Islands; Gig
Harbor peninsula~Fox Island, Longbranch peninsula, and
Anderson Island,

NORTHERN UPLAND

The northern upland is bounded on the west by Hood
Canal and the Poulsho-Lefall valley, onthe east by Puget
Sound proper, and on the south by Liberty Bay, Fort Orchard
and Port Madison. The maximum-altitude is about-520 feet
bt most of the land area ranges from 200 te 400 feet above
sea level. The province (s separated from the novthern paet of
the western upland by a narrow drainage channel which extends
from Liberty Bay at Poulsbo to Lofall, The upland is drained
by short streams that discharge into the surrounding marine
waters.

CENTRAL UPLAND

The central upland comprises the Manette peninsula
and is separated from the western upland by the southwest-
trending Clear Creek valley. The upland has a maxinum
altitude of ahout 480 feet, Drainage of the province is similar
to that of the northern upland,

BAINBRIDGE ISLAND

Bainbridge Istand (27 .6 square miles) is a roughly rec-
tangular island. lts highest peint, east-of Fort Ward, has an
altitude of 425 fect and the altitude of most.of the island is
200 to 300 feet above sea'level, Aswith the central and
northern uplands drainage’is by small, short spring-fed streams
that discharge into the Puget Sound.

DNR-00005393



CHARACTERISTICS OF THE REGION 7

WESTERN UPLAND

The western upland includes the entire western part of
Kitsap County and the Tahuya peninsula part of Mason County-
Excluding the Green Mountain=~Gold Mountain hills, the altitude
of the surface is generally from 300 to 600 feet above sea
level, Dratnage of the souther part of the upland is primarily
by the Tahuya and Union Rivers-and Mission and Dewatto
Creeks, while the narthern and eastern areas are drained
primarily by Big Beef Creek and Wildeat Creek. Numerous
short streams also drain the peripheries of the upland along
Hood Canal. Most of these streams occupy steep, narrow
canyons and gullies, MNumerous small lakes occupy depressions
in the southern part of the westernupland. The western up=
land {s separated from the southern upland by the former glacial-~
cutwazh channel which is now occtipied by Union River and
Gorst Creek, From the central upland by the Clear Creek valley
aitd from the riorthern upland by the Poulsho=Lofall valley.

SOUTHERN UPLAND

The southerr upland is a large, {rregular-shaped rolling
area that accupies the south part of Kitzap County and includes
the northwestern peninsular part of Pierce County and a
fdrrow strip along the northeastern edge of Mason County. It
is bourded on the north by Sinclair Inlet, on the west by the
Union River-Gorst Creek valley and Notth Bay of Case Infet,
on the east by Puget Sound proper-and Colvos Passage, and
on the south by Vaughn valley, Henderson Bay and McCormick
Creel valley. s swrface denerally raiiges in altitude from
300 to 450 feet, but rises to a maximum of 525 feet. Its
chief land forms are broad flat-topped hills and ridges,
lnecluded in the southenrupland ic Blake Island (0,78 square
mile) which lies in Puget Sound north of Harper.,

The area is drained by many small creeks and several
large streams, chief among these being Blackjack Creek and
Curley Creelkiwhich drain dorthward to Sinclair Inlet and Yukon
Harbor, respectively , Olalla Creek-which drains eastward to
Colvos Passage, Minter Ceéek, Burley Creek and Crescent
Creek which drain southward inte Henderson Bay and Gig
Hathor, and Coulter Creek and Rocky Creek-which drain west-
ward into North Bay., The southernupland also contains
several lakes and numerous ponds, The largest, Long Lake,
at the head of Curley Creek; lies in the east-central part of
the upland close:to the divide between Curley Creek and Olalla
Creek, Many smaller lakes and ponds are located in the western
part of the province.

VASHON-MAURY ISLARDS

Vashon Island (29.7 square miles) is separated from
the southernuplfand on the west by Colvos Passage and from
the mainland on the east by Puget Sound proper. Maury Island
(7.04 square miles) is joined to the east side of Vashon
[slaid by 4 nareow jsthmus at the community of Portage near the
head of Quartermaster Harbor. These two islands are the only
part of the report area that Hes within King County, Both
islands are drained by small streams which flow into the
surrgunding marine waters,

GIG HARBOR PENINSULA-FOX ISLAND

The Gig Harbor peninsila includes that part of Plerce
County extending southward from the southern upland between
Carr Inlet on the west and the Tacoma Narrows on the east,
Inthis repaort the peninsula is defined ag being separated from
the southern upland by the McCormick Creek valley north of
Gig Harbor, Fox Island (5.08 square miles), lying:aff the
sauth end of the Gig Harhor peninsula, and reached by bridge
across Hale Passage, 5 included in the discission of the
peninsula,

The Gig Harhor peninsula is drained by many small
streans that flow into the surrounding marine waters, the
largest being Artondale Creek which drains southward front
the central part of the peninsula into Wellochet Bay. Fox
Island is characterized by relatively gentle north slopes and
genetally precipitous sea cliffs along its southern and eastern
margins.

LONGBRANCH PENINSULA

The Longhranch peninsula is that part of Pierce County
Iying south of Vaughn valley and extending southward from the
southern upland. The 12-mile long ared is bounded on the
west by Case |nlet and Gn the east by Carr Inlet. Herron
Istand, one mile long and a half~mile wide, lies offshore in
Case [nlet and is included with this area:

The Longbranch peninsula s deained by short streams
and springs that Issue from its relatively steép slopés, and
longer streams that drain the uplands where deeper valleys
head several embayments along the shoreline,

ANDERSON [SLAND

Anderson fsland (8,10 square miles), in Pierce County,
is the most southerly of the areas studied for this report. The
island is located in Puget Soundone dnd-a half miles south-
sast of the southern end of Longhrarich peninsula, The izland
is characterized by relatively gentie north-facing slopes and
steep southern and eastern sea ¢liffs, The island has a
maximom glevation of approximately 280 feet above sea level,
Two natural lakes, Lake Florence and Josephine Lake, ocoupy
connected depressions on the northeastern part-of the island.
Drainage from the island is primarily by short streams and
springs. The:largest streams are the two which flow into the
heads.of Ora Bay and East Ora Bay.

MeNEIL ISLAND-KETRON ISLAND

McNeil Island £6.77 squdre miles) lies in Puget Sound
north of Anderson Island and east of Longbranch peninsula,
Because it is-administered as a Federal penitentiary by the
Department of Justice, and development of the water resources
of the Island has'been limited almost entirely to penitentiary
needs, this report includes  onjy the surfaceswater dedinage
charactetistics and the existing reservoirs of the lsland.

Ketron Island (0-.36 square mile) lies off the Pierce
County mainland east of Andersonisland. As the geology
and ground-water resotrces of the island are included in the
Pierce County report by K. L. Waltersand G. E, Kimmel
{in preparation}, only the surface-water drainage character-
istics are included. in this present study.
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8 WATER RESOURCES AND GEOLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

CLIMATE
By M. E. Garling
GENERAL CIRCULATION PATTERN

The Kitsap Peninsula has a characteristically maritime
climate, typified by relatively short, cool, dry summers.and
prolonged, mild, wet winters, Essentially, this seasonal
variation results from changes inthe general location of fwo
major air masses, i the northern hemisphere; an atmosphetic
high-pressure-area tends to persist over the northeasteri part
of the Pacific Ocean, while farther north, inthe Gulf of
Alaska, atmospheric circulation s conducive to the develop-
ment of low-pressure cells. It is this major low~pressure
center that generates most of the storms experienced along the
west coast of North America.

I summer-the "Pacific High” extends tg higher latitudes
as the northern hemisphere is exposed to more divect Tnsolation
and the region of low pressure and storm activity is pushed
northward. As winter approaches the reverse action ocours,
The low=pressure region extends southward as the "Pacific
High! recedes, resilting in the occurrence of a prograssively
increasing number of storms at lower latitudes. Thege storms
are commonlty widespread and have paths that are often several
hundred titles inwidth.

The Flow of moisture=laden air which accompanies
winter stofnis usually approaches the Pacific Coast of Wash=
ington from the southwest. When these stori-cells reach the
coast, the air-flow, depending upon location, is either (1)
retarded in its movement and forced ta over-ride the Qlympic
Mountains, Black Hills and Willapa Hills, or (2} it is funneled
intand through gaps hetween these uplands. o the former case,
where orographic features cause the air masses to rise, much
of the atmospheric moisture is precipitated onto the windward
slopes of the uplands causing a decided rain shadow to form on
the lee side, In the latter case, whete saturated ajt-moves
through the low passes, precipitation occurs at a slower rate
and is more uniformly distributed along the storm path.

Climate in the report-area is affected by hoth-of these
actions. lnwinter, the southwestern part of the Kitsap
Peninsula is generally well watered becauss it is primarily
influenced by air flow through the gap between the Glympic
Mountains and Black Hills. The northern extremity of the
peniinsula, however, projects well into the Qlympic Motiitain
rain shadow and enjoys mach drierwinter weather, In the
central part of the peninsula, winter climate varies between
that of the above two extremes. During summer, weather over
the entire report drea is dominated by the "Pacific High" and
few major storm disturbances peneltrate into the Puget Sound
area. Precipitation during this period is generally limited to
isolated shower-activity, and clear sunny days usually prévail,
Late spring and early fall are transitional periods between the
wetb and dry seasons, but the change is not well defined in the
parthern part of the report avea.

AVAILABLE BASIC DATA

Climatological data used in the following analysis were
obtained from 5 stations within the report area and 39 stations
lacated aroiid the area and along the Pacific Coasts of Oregon,
Washington and British Columbia.

Of those located within the report area, the Bremerton
station exhibits the longest precipitation and temperature record.
Data have been collected here since 1899, although a short
gap occurs in the record from 1906-08. Because the gage has

occupied four different locations i Bremerton during its history,
the record is unreliable for use in establishing tong-term trends.

The station at Madrone near Winslow on Bainbridge
Island has about 21 years of precipitation and temperature
record but, becdiise these data were obtained during the petiod
1878 tv 1899, they were of anly Jimited value in the study.

Precipitation guantities and temperature were recorded
at-an-unknown location in Paulsho fram 1915-21, The
instruments used there were then transferred to the U.5. Nawy
Torpeds Stalkion at Keyport where d sporadic record was
established dwring the period 1921-53,

Measurements of precipitation and temperature were
made-on Vashon Island fram-1887 to 1955, but the station
{ncation was changed séven times during this period and the
record exhibits many gaps,

Because available data within the report area were
generally inadeguate to properly evaluate the areal distribution
of precipitation, records from:several nearby stations were also
employed inthe analysis. The mast useful information-was
provided by the Grapeview station. This station, located on
Stretch Island in Case Inlet (B miles south of Belfair and 4
miles west of Yaughny, has been maintatmed peimarily by one
observer and provides a record with only minor interruptions
at a single location dating back to 1907. The record was
considered to be ane of the more reliable sources of hydrologic
information in the lower Pucet Sound area and is employed in
many subseguent investioations in-the report.

Precipitation and temperature data collegted at Port
Tawnsend were most usefal in establishing climatic treads
near the northern part of the renort area. QObservations have
heen made here since 1857 and the recards generally can be
classified as good, though'the station occupied two different
lacations during ite histary.

Excellent information for delineating climatic trends
along the eastern boundary of the report area was provided by
theee 1. 8. Weather Bureati stations in the Seattle arex, These
stations, located in downtown Seattle, at Boeing~Field Alrport
and at Sealtie-Tacoma Airport, chserve several types of
metearological phenomena and their records are generally of
highquality and display few intértptions. The Weather
Bureau station at Olympia was alsg close enoligh to the report
area to be of some value.

Other climatic stations in the Pugel Sound area useful
in evaluating the areal distribution of precipitation were
located at Port Angeles, Sequim, Coupeville, Arlington,
Chimacum, Everett, Quilcene, Quilcene Dam, Bothef, Maple
Leaf Reservoir in Seattle, Cushman Dam, Union, Wauna,
Kent, Shelton; Tagsina, Puyallup and Auburn. Streamflow
data {p. 56) were also valuahle i estimating precipitation
quantities, especially in areas where no climatic data were
availahle,

PERIOD OF STUDY

The two basic standard periods of study to be uged in
muost statistical hydrologic analyses in all inventory repasis
were estahlished through investigations conducted gt the
beginning of the water resource inventory program, &
time, an exapiifation of available data inithe State of Wasiing~
ton revealed that climatological data were recordec 200
locations priorta 1900 but most streamflow recor
ohtained since 1930, Though the reliability of
i generally improved by Incorporating asmuch
in order to permit valid comparisons, ibis gl :
derive statistics from a common periad of recoss . T sy
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with-the later regquirement, most hydrologic studies would have
to be restricted to the use of data obtained during the past three
to four decades.

Long-term records indicated that past ¢limatic variations
generally followed the same trend, throughout the state, This
similarity further justified the use of comtion periods of study in
all reports.

In sefecting a period of study, it is also important to
cansider the effects of storage. Discrepancies can be intro~
duced if a difference exists between the beginning and end of
the period in the amount of ground water and surface water held
in storage. In dry periods, it is difficult to assess how much
water 15 retained in storage, butthe amount essentially reaches
a maximum when the potential storage capacity of-an area
approaches compléte utilization during extremely wet fieriods.
Thiss, to reduce the possibility of introducing such discrepen-
cies, it is desirable ta choose a specific period-of study which
hoth begins and ends with a year of high precipitation.

In most hydrologic investigations it is convenient to
Use 4 standard annual period of study called the water-year.
Beginning with the month of Octeber and ending the following
September, the water-year in most areas is least affected by
antecedent conditions -and lag.

With the foregoing limitations and critetia in mind, it
was reasonsd that the 26 water-years of 1934 through 1959
presented a desirable period of study throughout most of the
state. Weather during the 1934 water-year was generally
guite wet:-throughout western Washington, while in eastern
Washifigton, precipitation guantities at most stations ranked a
{ittle-above nomal, Similar conditions prevailed during the
1959 water=year.

To pernit comparisons, itwas decided that trends
during the 26 years préceeding the shove period would alsg be
investigated, A cursory examination of precipitation records
for several long-term stations indicated average climatic
conditions in the state were quite similar during these two
petiods.

In analyzing hydrologic conditions in the Kitsap report
area, certain investigations were based on the above outlined
26-year periods, However, inareas such asthis, where
available basic data are generally of short duration, the
validity of analyses representing conditions during these 26«
year periods is somewhat guestionable, It was, therefore,
decided that shorter periods of study, conforming more to the
length of availahle record, would also be used.

Because one of the main purposes of a water resource
inventory is to evaluate usable sources of supply, available
streamflow records in the report area, rather than ¢limatic
records, becamé the prime factor in establishing the length of
the shorter period of study. Continuous record streamflow data
were not recorded in the Kitsap Perinsilar aréa prior 1o 1945
{seep. 60}, consequently the 1.5 water-years-of 1946 through
1960 were chosen for & short=term period of study in this
report.

GENERAL CLIMATIC TRENDS

The long~term precipitation records of Port Townsend
arid Grapeview were selected to show differences in climatic
trends between the northern and southern parts of the report
area. As previously described, theserecords exhibit only
minor interruptions and, although the Port Townsend gage
occupied two different locations duting its history, neither
station has been moved since 1907.

Annual water-year precipitation at these stations for
the period 1908-62 is shown in figure 2, The amounts of
precipitation measured in each of these years during the months
of October through April and May through September are also
plotied for comparison. Averages for'the 3 plots over the 55-
year period are indicated along the right margin of figure 2.
These averages are expressed interms of inches of precipita-
tion and the pércentddes that the Oct.~April and May~Sept.
averages are of the mean annual water-year precipitation.

In-general, quite similar trends ocourred at both
stations, though the mean annual precipitation at Grapeview
during this period was about three times as great as that at
Part Townsend., Te show the similarity of trends more elearly,
10~-year moving-average curves are superimposed on the above
plots. These curves were established by first computing. mean
values for consecutive 1U=year periods and then plotting the
valies at the midpoint of each 10-year period.

The resulting curves show that such 10-year average
precipitation' was lower than normal at both stations during the
late 1920's and again intheearly 1940's but at the Grape~
view station the tendency was decidedly more pronounced
during the later period. The same trends appeared in the Oct.-
April and Mav-Sept. decadal average precipitation with the
exception of the early 1940 period at Port Townsend which
was about nommal. [In addition, the 10-year average May-
Sept; precipitation during the mid 1950's tended to be
slightly lower than normal at hoth stations. The water-year
and Qct.-April curves-are in close agreement during the inter-
vaning wetter-than-normal decadal periods, but the May-Sept.,
curves show only slight similarity to the others during these
times.

Mean annual water-year precipitation at the Grapeview
station during the 1908-33 period was nearly the same as
that received during the more recent 26+-year period, 1934~
59, A significant difference, howeveér, was found bétween
the means for these periods at the Port Townsend station.
Precipitation at Grapeview during the earlier period was lower
than that of the later period by an dverage of 0,21 inch per
year or about 0.4 percent. At Port Townsend, the earlier
period also produced a lower average but the difference was
greater to the extent of 0.93 inch per year or about 5.1
percent.

Precipitation averages for the shorter 1946-60 period
wete considerably higher than those af either long-term periad,
A comparison between this 15~year period and the 1934-59
period showed a difference.of 2.16 inches per year or 4,2
percent at'Grapeview and 0.98 inch pér yedr or 5.4 percent
at Port Townsend. (All percentages are based on 1934-59
values.)

Listed-in column 4:of table 1 are values of mean annual
precipitation at the two stations for seven different periods of
record, including the three standard periods mentioned abiove.
Eachmean value, derived from a given sample-of record, repre=
sents an estimate of the all-time or population mean at that
location, {(Population, as used in this sense, refers to all
passible values of a variahle.)

Confidence limits for the population mean, based on the
data for each period and computed at a probability level of
0.95, are:shown incolumn 5. Each expression in this
colunin states that there is'a probability of 0,95 that the
computed interval will contain the population mean. For
example, the first expression, P(49.72 «58.50) =0.95,
indicates that there is a probability (P)of 0.95 that the inter~
val from 49,72 inches to 58,50 inches, derived from data for
the period 194660, will contain the all~time mean annual
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Table 1. STATISTICS SHOWING THE VARIATION OF WATER-YEAR PRECIPITATION.
Period of Analysis X Confidence Limits S 3S PE cv
Station No.of  Dates  Mean for for Population Standard Three St'd. Probable Coeff.of
Location Years Period Mean, u Deviation Deviations  Error Variation
fnches Inches Inches Inches Inches “a
Grapeview 15 46-60 54,11 P(49.,72<u<58.50)=0.95 7.93 23.78 5.35 14.65
26 08+33 51.74 P(48.30<u<55.18) = 0.95 8.51 25.54 5.74 16.45
26 34-59 51.95 P(48.32<u<55.58Y = 0.95 .99 26.98 6.07 17.31
52 08-59 51.84 P(49.43<u<54.25)=0.95 8.67 26.01 5.85 16.72
53 08-60 51.98 P(49.60<u<54.36)=0.95 8.64 25.94 5.83 16.63
55 08-62 52.09 P(49.74<u<54.44) = 0.95 8.69 26.07 5.86 16.68
50 10-59 51.75 P(49.,25<u<54.258) = 0.95 8.81 26.42 5.94 17.02
Port Townsend 15 46-60 19.24 P(17.36<u<21.12) = 0.95 3.40 10.21 2.30 17.68
26 08-33 17.33 P(16.13<u<18.53)=0.95 2.97 §.91 2.00 17.14
26 34-59 18.26 P(17.01<u<19.51)=0.95 3.08 9.26 2.08 16.90
52 08~-59 17.79 P{16.95<u<18.63)=0.95 3.04 9.10 2.05 17.06
53 08-60 17.82 P{16.99<u<18.65) = 0.95 3.01 9.04 2.03 16.91
55 08-62 17.83 P{17,03¢u<18.63)=0.95 2.97 8.90 2.00 16.65
50 10-59 17.85 P{16.98<u<18.72Y=0.95 3.06 g.19 2.07 17.16

precipitation {u ) at Grapeview. The reliability of each sample
mean as anestimator of the population mean is implied by the
refative range of the confidence interval. Ingeneral, the
reliability increases as the confidence interval for the popula-
tioh mean decreases.

Freguency distributions of water-year precipitation for
the Grapeview and Port Townsend stations were found to be
slightly skewed to the right. That is, for the water-years
1908-62, annual precipitation was below normal more often
than it was above normal, At both stations below normal pre-
cipitation occurred during 30 of the 55 years; consequently,
annual webt-year precipitation was somewhat more variable or
extreme than annual dey~year precipitation.

The standard deviation from the mean and other
associated statistics, {isted in columns 6-9 of tahlie 1 were
computed for several different periods to show the amount of
precipitation variability at each station., These statistics ave
hased on the assumption that the annual precipitation at each
station ocours ina normal frequency distribution. The actual
distributions, as indicated above, are somewhat skewed, but
for practical purposes the normal frequency distribution is a
close approximation. The application of a common distribution
is alao desirable as it provides a standard set of statistics
which can be easily compared. If the normal distribution is
valid; 68 percent of all deviations both greater and less than
the mean annual precipitation may be expected to fall within
the limits described hy the standard deviation from the mean,
Conversely, in 16 percent of all cases the annual precipitation
may he expected to be less than the value expressed by the
mean minus one standard deviation and 16 percent of the cases
may he expected to be greater than the guantity established by
the mean plus ohe standard deviatiori. The values deroted by
the mean plus three standard deviations and the mean minus
three standard deviations indicate the range in which 99,7
percent of all the individual annual quantities of precipitation
may be expected to occur. This may be interpreted as the
limiiting variability range for-all values of dnnual precipitation
almost without exception. The probable error, which is.equal
ta 67.45 percent of the standard deviation, is defined as the

amouit of deviation fram the mean that is just as likely to be
exceeded as not, The coefficient of variation expresses the
standard deviation in terms of a percentage of the mean.

The standard deviation fram the mean for the selected
periods ranged from 7.9 to 9.0 inches at Grapeview and 3.0
to 3.4 inches.at Port Townsend. Though the magnitudes of
these deviation statistics differ considerably between the two
stations, the percentagewise variations, expressed by the
caefficients &f variation, are nearly identical, With the
exception of the 1946-60 period at Grapeview, the coeffi-
cients of variation for hoth stations were all grouped between
16.5 percent and 17.6 percent. This similarity and the
comparatively low value of the coefficients indicate that the
entire report area is generally influenced by the same climatic
regimen and the type of climate is quite consistant from year
to year,

PRECIPITATION

The areal pattern of precipitation in western Washington
shows an extensive rain shadow in the lee of the Olympic
Mountains. This phenomenon is barely noticeable in the [ower
part of Puget Sound, but to the north it intensifies, becoming
most pronounced in the vicinity of Port Townsend. Asa
result, the northern extremity of the Kitsap Peninsula near
Hansville generally exneriences the lowest annual precipitation
in the report area. At this location precipitation was estimated
to average about 26 inches per year during the water-years,
1946-60.

An anomalous precipitation high ocours in the area of
Green and Gold Mountains, Though these low mountains
exhibit only moderate relief, the oragraphic influence is
sufficient to increase precipitation by about 30 percent more
than that in the surrounding area. Actual precipitation data
were lacking but streamflow measurements in this area indicated
a mean annual precipitation near the summits inexcess of 80
inches,
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With the exception of this low mountainous area, annual
precipitation in the northern part of the report area gradually
increases in a8 southwesterly direction. In the southern part
there is a-general increase from east to west with & maximum
of about 70 inches in the southwestern part of the Western
Upland. The complete areal pattern of mean annual precipita~
tion is depicted on plate 4 in the form of an isahyetal map.
The "isohyets,” or lines of equal precipitation, are shown in
blue and were developed from data obtained during the period
1946-60.

Existing precipitation sampling points in'the repott area
were inadequate to establishi a direct relationship between
precipitation and elevation, but an analysis of streamflow data
indicated that such a relationship does exist. Correlations of
median basifi elevation with mean -annual runoff for the periods
1934-59 and 1946~60 produced identical correlation
coefficients of 0.81. (A correlation coefficient of 1 repre=~
sents a perfect correlation and no corvelation is indicated by a
coeffigient of 0.7

Figure 3 shows by bar charts the mead monthly dis~
tribution of precipitation at-various statjons in and around the
report area. All of these charts show a winter maximum and
summer minimum but, percentagewise, winter precipitation is
decidedly greater at the more southerly stations. The same
tendency is indicated in figure 2. As shown zlong the right
margin, the average Qct.-April contribution at Grapeview was
86.1 percent of the mean annual quantity whereas, at Port
Townsend, the amount received during like periods was only
71.7 percent of the total,

Thehar charts Tor most ef the stations define a rather
smooth cyclic seasonal pattern with the occurrence of a
primary maximum usually during the months of December or
January and a minimuin, in gl cases, inJuly. Although not
always obvious, a secondary maximum also occurs in the
month of Juhe. Theincrease is most apparent at the stations
of fow annual precipitation lying in the Olympic Mountain rain
shiadow ‘whereas, at the stations of higher annual precipitation,
the effect is-only slightly noticeable.

Precipitation in'the form of snow occassionally oceurs
at-higher elevations in the report area during the winter months,
but predominantly mild temperatures produce rapid melting and
the storage effect is insignifigant,

TEMPERATURE

Temperatures in the report area clearly reflect the
moderating influence of Pugét Sound waters and the Pacific
Ocean. Only brief periods of sub-freezing weather occur in
winter, and in summer, mean temperatures during the hottest
months seldom exceed 70°F,

Typical trends are shown by thebar graphs of mean
monthly temperature at Port Townsend and Grapeview (fig. 4).
To illustrate normal variations, mean minimum and mean maxi-
mum-monthly temperatures are also indicated. At both stations,
the coldest mean monthly tempetatures ocelir'in the month of
January and the magimum mean monthly temperatures occur-in
either July or August, The January temperatures are nearly
identical at both stations but temperatyres i July and August
average about four degrees-higher at Grapeview,

The range between mean minimum and mean maximum
temperatures s about the same at both statiohs inwinter, but
toward summer this range increases and reaches a maximum in
the mionths of July and August. - Though hoth stations display
this same general trend, at Grapeview the rarge between
maximum and minimum increases at a faster rate and is sig-
nificantly greater in the warmest months,

The highest temperature on record at Grapeview was
102°F. and occurred in both June and July, The minimum
recorded temperature of 8°F. ooourred in the mionths of
January and February.

At Port Townsend the extremes were a few degrees
lower, The maximum temperature at this station ol 96°F.
gociitred in August, and the minimum of ~2°F ., ocourred in
January, In comparison, this range of 99°F, was only 4%F,
greater than the range at Grapeviéw.

Though Port Townsend exhibits the lowest minimum
temperature, the growing season at this station is normally
somewhat loniger than at Grapeview. Port Townsend has an
average freeze-free period of 258 days peryear, whereas
Grapeview averages-only 224 consccutive days with above
freezing temperatures per year. Extremely.cold temperatures
in‘the Puget Sound area are usually caused by outbreaks of
cald polar air from central British Columbia, Maost of the
lighter frosts, however; résult froni radiational cooling on
calm clear nights,

WATER BUDGET

The term "water budget", as used in this report, can
be defined as a quantitative accounting of various interrelated
phases of the hydralogic ¢ycle as they vary with time. Avail-
ahle data do not permit such an accounting for the entire report
area; however, a general picture-can be obtained by studying
hydrofogic relationships at the Grapeview and Port Townsend
stations, ‘

These refationships are graphically-shown in figures
5,6, 7 and 8, Curves in the upper part of each figure show
the mean daily procession of precipitation and evapotranspira=
tion and how these guantities are associated with soil moisture
and runoff, Ordinates to these curves represent inches of water
per day . The lawer gréup of curves in each figure represent
cumulative or mass totals of the quantities described by the
upper curves, - All of the curves have time in days as their
abscissa, though only the monthly divisions are shown,

As previously discussed, the curves of mean daily
precipitation for both stations show the characteristic pattern
of a primary winter maximum followed by a secondary rize in
June and a summer minimum. AL Port Townsend, however,
the secondary June rise i3 nearly as great as the subdued
winter maximuni.

Evapotranspridtion quantities, which include bath diréct
evaporation from water surfaces and transpiration from plant
tife, were computed by the Thornthwaite procedure (Thornth-
waite, 1957; Wash, Div. Water Resources, 1960, p. 15J,
This method is hased on an empirical relationship between
temperature and latitude, and utilizes only conventional clima-
tological-data. Because evapotranspiration is-mainly dependent
on available insolation, it ispotentially greatest in mid-summer
and varies in direct opposition to the trend of precipitation.

At Grapeview, January precipitation is approximately
14 times greater than the concurrent potential evapotransoira-
tion. During the following months, however, this difference
rapidly diminishes and the two quantities hecoms souzl near
the end of April. Inthe mass curve analysis, the
equality is established when the slopes of the cu
curves are identical. This time can also befoun
the point of tangency (1) hetween the shifted mase
potential evapotranspiration (curve ABVand the mass eis o
precipitation,
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Figure 3. MEAN MONTHLY PRECIPITATION AT VARIOUS STATIONS FOR THE PERIOD 1946-60%
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Figure 4. MEAN, MEAN MINfMUM AND MEAN MAXIMUM MONTHLY TEMPERATURES
AT PORT TOWNSEND AND GRAPEVIEW STATIONS.

Throughout the summer, potential evapotranspiration
exceeds precipitation. At the beginning of May the soil is
essentially saturated to its full field capacity; consequently,
during the first week or so in this month there normally is
enough precipitation and soil moisture available to meet the
demands of potential evapotranspiration. Thereafter, as soil
moisture is slowly depleted, the available supply can no longer
meet these demands and actual evapotranspiration falls well
below the potential. During this time a so-called water deficit
is said to exist. The extent of this deficit is represented by
the difference between the actual and potential evapotranspira-
tion curves. The difference between the precipitation and
actual evapotranspiration curves is a measure of the soil
moisture depletion or utilization during this period. At any
time the total amount of deficit or soil maisture utilization can
be determined from the respective mass curves of these
quantities.

The availability of soil moisture for evapotranspiration
varies considerably with scil type and root zone depth. To
show the effects of these variables the water budget at each
station was analyzed for two extreme soil moisture conditions,
The type of soils and vegetation indicated that 10 inches of
water would be about the maximum capacity of any roat zone

in the report area. This condition is shown in figures 5 and
7. The minimum water holding capacity of a root zone was
assumed to be 2 inches and the resulting water budgets are
shown in figures 6 and 8.

About the last week in September, precipitation at
Grapeview again becomes greater than potential evapolranspira-
tion. Maost of the excess precipitation, occurring immediately
after this time, is absorbed by the moisture deficient soil.
Assuming that no runoff occurs until soil moisture is completely
replenished, it will take about a month to recharge the 2 inch
water capacity soil and aver 13 months for the 10 inch water
capacity soil. The time when recharge is complete is estab~
lished when the shifted mass curves of actual evapotranspira-
tion (curves AC on all figures) cross the mass curves of
precipitation at (2),

The precipitation that exceeds evapotranspiration from
the end of the period of soil moisture recharge to the beginning
of the next deficit period is termed water surplus. This
quantity appears primarily as runoff, but a portion may be
retained in surface or underground storage. Also, during both
the water surplus and soil moisture recharge periods, actual
evapotranspiration is essentially equivatent to the potential.
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Sinee mean temperatures are‘guite uniform throushout
the report area, the potential evapotranspiration curve for
Bort Townsend is nearly identical to that of Grapeview; con-
sequiently, Port Townsend experiences a shorter water surplus
period and a longer deficit period.

Sails with @ root zone capatity of 2 inches at Port
Townsend can normally be fully recharged during the water
surplus period bot there is insufficient excess precipitation
during the entive year to completely recharge a 10~inch water
eapacity soil. It is, therefore, possiblethat some soils in
this area might never reach their field-maoisture capacity.

ECONOMICS OF THE REGION

By DeeMolenaarand M. E. Garling
HISTORY

The first white man to visit Kitsap Peninsula was the
English explorer, Capt. George Vancouver, who in 1792
discovered, explored, mapped, and-named many of the embay~
ments of Puget Sound. Settlement of the territory was not
made, however, until about-a half-century later, Until about
1850, when pioneers-hegan to take up homesteads, the only
white persons were transient explarers and fur traders, and the
Indizins were the only residents. Early white settlements were
along the shorelines of the peninsula and islands while the
initerior uplands'were only sparsely settled. A nomber of
zmall settiements and villages were established and platted
throughout the area between 1850 and 1870, Mast early
settlers, mainly of Scandinavian, German, and English descent,
came from the Eastern and Midwestern States. Following
World War | the population was augmented to some extent by
immigrants fromnorthern Europe,. AL present; the faming
population consists mainly of descendents of the early settlers
and people whao have recently established themselves inthe
tural sections, World War 1l brought on considerable growth of
the area-as a result of servicemen from other parts of the country
seitling in:the Puget Sound region dlong with the continued
development of Bremerton as "home of the Pacific Fleet."
Today, the economy of the Kitsap Peninsula is based primarily
upon. services and trades associated with the Bremerton Naval
Base and Shipyard, and to a lesser extent on forest products
and agriculture,

POPULATION

Based on 1962 census figures, it is estimated that the
study area has a population of about 105,000, This amounts
to a population density of approximately 157 persons per square
mite, This iemore than 3.6 times the state-wide average of
43 persons per-square mile. OF the total, more than 86,000
péople tive in Kitsap County proper, most of these residing in
the Bremerton metropolitan area. Five incorporated cities
éxist.in the report area, all but Bremerton having populations
of less than 4000 persons,

INCORPORATED CITLES AND TOWNS
Bremerton
About 1890 the U.S. Navy Department began a search

for & suitable site to establish a naval shipyard on the Pagific
Coast, After a congressional commission recommenided the

Port-Orchard Bay-area, Congress approved the location and
appropriated $5000 to acquire land along the north shore of
Sinclair Inlet, Here, near the platted town of Bremertan, the
Naval Base was established in 1891 and construction was
started on the first deydotk, a 750=foot long wooden structure.

As operations expanded and employment grew ; the town
rapidly spread around the base and in 1901 Bremerton was
incarporated . Beginning with the Spanizsh-American War, each
major conflict praduced an upsurge - in Navy Yard anployment
and a corresponding growth in Bremerton's population until
today about 37,000 of Kitsap County's 86,000 people live
in this city and approximately another 20,000 reside in the
surrolnding mefropalitan drea.  Although there have been
periods of economic declinebetween major wars, Bremerton
has enjoyed a constant growth and today it ranks as the sixth
largest-city in the State. The municipality has a complete
school ‘system, including Qlympic College, which serves the
peninsular area. Bremerton alsomaintains a library, daily
newspaper, vadio statian, and two hospitals.

Except for arock quarry, sand and gravel mining
operations, and some lumbering activity, Navy Yard work com~
pletely dominates the area's industrial economy, Nearly afl
commercial services, trades and local agriculture have heen
develaped in support of the Navy Yard and its large employment.
Recent addition of new facilities at the Navy Yard, including
the largest drydock in the world, should have a noticeable
effect an'the ecanomic grawth of the region.

Business statistics show that the average household
income for Bremerton is about $6200 per year or about $1900
per capita per year,

Bremerton's central location and high population con-
centration have caused the city to begome the main center of
commerce for the Kitsap Peninsula., The Peninsula‘s major
highways pass through Bremerton and water transportation to
Seattle is provided by the Washington State Ferry System,

Part Orchard

In 1885 Sidney Stevens came to the Puget Sound region
from Hlinois and settled along the south shore of Sinclair Inlet,
There he purchased and subdivided land and established the
townsite of Sidney. Several lumber mills began operating in
the vicinity and soon Sidney became the main center of trade,
Establishment of the Naval Shipyard across the'injet in 1891
had a major impact on the area’s-economy and much.of the
lumber used to construet that factlity ‘came:from the'milis arcund
Sidney. In 1892 the people of the county voted to change the
location of the county seat fram Port Madisen to Sidney and in
1903 Sidney was renamed Port Orchard.  In addition'to sawmills
and the shipyard, early industry in Port Orchard included &
steam-operated shingle mill and a terra-cotta pottery plant.
Later-many of the local industries were destroyed by fire.and
today the economy is-based primarily on the Puget Sound Naval
Shipvard.

Port Orchardis the center of commerce for southeastern
Kitsap County and is supported by a variety of activities baside
the shipyard, such as daitying, raising of Tivestock and poultry,
growing of bewies, fruits, bulbs, hally and Christmas trees,
and harvesting, packing and shipping of cascara bark, huckle=
herry, salal, sword fern and cedar boughs for use in floral
displays,

Before an adequate highway system was developed, Port
Orchard was a main terminal for water-borne traffic between the
peninsula and the mainkand , hut today the Warbor fagilities are
utilized primarily by pleasure craft. A sizeable marina and
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CHARACTERISTICS OF THE REGION 17
Figure 6. MEAN ANNUAL WATER BUDGET AT GRAPEVIEW - ROOT ZONE WATER HOLDING CAPACITY OF 2 INCHES.
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WATER RESOURCES AND GEOLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS
Figure 7. MEAN ANNUAL WATER BUDGET AT PORT TOWNSEND - ROOT ZONE WATER HOLBING CAPACITY OF 10 INCHES.
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Figure 8. MEAN ANNUAL WATER BUDGET AT PORT TOWNSEND - ROOT ZONE WATER HOLDING CAPACITY OF 2 INCHES.
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yacht club have been established in the area; along with a
smiall hoat-huilding works.

Administrative offices of Kitzap County government,
alang  with Jocal branches of varicus state and federal agencies;
are housed at Port Orchard, A large veterans’ home and hos-
pital is maintained in nearby Annapolis,

Based on census figures, Port Orchard enjoyed a 20
percent increase inpopulation during the 1950-1960 period
and now has about 3300 residents.

Poulsho

In-the late 1800"'s Poulsho was settled as an. agricul-
turdl trade center for the northern part of Kitsap County. The
towrgrew slowly until 1914 when a naval ordinance depot
was established by the Federal government at nearby Keyport.
Most of the personnel stationed: at Keyport made their Homes
it Poulsho, resulting in an accentuated growth-of the commun-
ity. The base has'been used as a torpedo testing station, and
in 1944 an ammunition depot was established at Bangor, a
few miles to the west. Poulsho has two oyster companies, a
dairy, a meat curing plant, a bulk oil station, and a large
marina for pleasure craft and & few fishing boats. The town
supports a sizeable business district and has recently become
poplar as & residence for retired people.

In the 10~year period from 1950 to 1960 Poulshe
enjoved more than a 48 percent population increase and
presently has almost 1600 residents,

Gig Harbor

Sooi after regonstruction of the Tacoma Narrows Bridge
in 1950 the Gig Harbor peninzula in Plerce County. developed
into a popular residential suburh of Tacoma, The harbor area
has several lavge mavings, pimarily foF use of pleasure craft,
and also has moorage facilities for boals nperated by a commer-
cial fish and oyster company. A small boat-building plant, a
gravel company , a bull~oil plant and a shipping station for
huckieberry ; salal and fern boughs all help support the economy
of the Gig Harbor area,

Census figures indicate that the population of Gig Harbor
has:increased over 36 percentfram 1950 t0 1960, and pre~
sently the town has a population of nearly 1200 residents,

Winslow

Settlement of Bainbridge Island began in the 1850
and gradually the island developed into-a summer resort- area
for people residing in Seattle, When reliable feriy service
was established with the mainland, an increasing number of
peaple became permanent residents on Bainbridge Island and
soon the island became kngwn as "Seattle’s Bedroom, "

The town of Winslow was established at the main ferry
terminal site at-Eagle Harbor and awes its existence almost
entively to commuter traffic, As highway transportation was
improved , Winslow developed a sizeable business district and
the town is now the commercial center of Bainbridge Island.
Arimportant strawherry and raspberry growing industey has
developed on the island and much of this produce is processed
by .a herry canning, packing and freezing plant located at
Winslow, Located acrass Eagle Harbor from Winslow 15 the
community of Creosote, so named because of a large wood-

preservative plant which speciglizes o the creosote treatment
of piling and power pales, Winslaw also hag 'z smail shipyard,
although it is not in aperation at present,

Similar to the rapid growth of many other small towns in
the report area, Winslow experienced a 44 percent population
increase from 1950 to 1260 and now has a population of about
1000 residents.

UNINCORPORATED TOWNS AND RURAL AREAS

Numerous small unincorporated towns and communities
are located throughoot the report area, primaeily as shoreline
and harbor resorts and suburban centers. The desirability of
waterfront property for it aesthetic value and recreational
tise has been primarily responsible for the recent rapid growth
of such communities. Several oldet communities owe their
existence to earlier establishment as logging and lumbering
centers.

Northern Upland

Port Gamble was establizshed in 1853 hy Pope and
Talbott Lumber Company. The accessibility and sbundance
of large imbér 8o redr the tidal front'where the milling and
shipping of lumber was easily facilitated resulted in the rapid
growth of this town, After the original stand of virgin timber
had-heen removed, the town's economy was bolstered hy
establishment of the Hood Canal Tree Farm which today pro-
vides a sustained yield of timber. The completion of the Hood
Canal Floating Bridge in August, 1961, hasthelped considee-
ably it bringing Port Gamble in closer cortact with the main-
lands on each side of Puget Saund, and will undoubtedly add
to thie econginy and growth of the drea,

Hansville, near the north end of Kitsap Peninsula,
awes its arigin to the estabilishment in 1880 of the govern~
ment lighthouse at Point No Point a mile and a half to the east,
The lighthouse is now aperated by the U. S, Coast Guard, The
small community first developed as a fishing and logging center,
but today bases its economy primarily upon summer résort trade,
The upland soulh of the beach community has heen logged off in
mast places and today supports severdl dalry Tamis.

Kingston, on the east shore of the norther upland, is
a ferry terminal for cross-Sound traffic between Edmonds and
the Dlympic Peninsula. Numerous small dairy, poultey and
herry farms are located on the upland abave the town,

Indianota, farmerly named Kitsap, is located an the
shore of Port Madison in the scuthem part of the northern
upland. Once a terminal for ferries fram Sealtle, the town is
today primarily a vesert community and & residential ares for
commuters who worle in Bremerton or o the mainiand in
Snohomish and King Counties,

suguamish, like indianola once a ferry terminal for
Seattle cross-Sound traffic, is today primarily a resort and
residential community on Port Madison, Nearby, Old Man
House, & State historic site, attracts summer vigitors intefested
in the early Indian culture of the Puget Sound region.

Central Upland

The largest unincorporated town an the central upland is
Manette, known today as East Bremerton, In 1930, Port
Washington Narrows, the channel separating Manetie from
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Bremetton , was bridged and the residentially developed upland
his siniee heen linked with the shipyard econamy of Bremerton.

Tracylon, like Manette a residential subueh for many
warking in the Bremerton shipyard,; s also supported by local
dairy and berry farms, a fox farm, and has experienced rapid
residential growth.

Brownsville and llahee, two communities lecated on
the east shoreling of the upland, are primarily residential
stiburbs of the Bremerton area. Hlahee State Park offers
camping, picnicking and water sports during the-summer seasotl.

Keyport was originally developed as a small farming
community near the mouth of Liberty Bay. However, in 1910
a goversment-appainted commission of navy officers:-selected
the area as a site for a torpedo station and by 1914 much of
the privately~cwned tand had been condemned for constriction
of the government facilities.

Bainbridge sland

Aside from the incorporated towinof Winslow, only a
few small shoreline commumnities are located on Bainbridge
lsland. These include Creosote, Lynwood Center, Fletcher
Bay and Manzanita. Small shopping ceiters [ocated heyve pro-
vide the lscal markels for these resort and residential
communities,

Western Upland

The western upland is sparsely populated except for the
well-developed residential areas arcund Bremerton, Chico and
Silverdale |gcated &long the shores of Dyes Wilet, and & Tew
isolated heach resort areas on Hood Canal such as Lofall,
Seaheck, Tahuya and Belfair, The interior of the upland has
a few scattered communities such as Camp Union, but is
generally unpapulated, with oniy a few asphalt-surfaced roads
serving the area. Most of the Mason County part of the western
upland is covered by a lonse network of gravelled roads. Many
of these are improved logging roads that follow rather circuitous
rautes acress the lovged-off, unpopulated area. A few dairy
farips afe located alang the'valley bottormis of the lower parts of
the major. stream valieys,

The Silverdale-Chico area along Dyes Inlet has devel-
gped primarily-as a vesidential suburb of Bremerton, Numerous
small farms, which produce egys, poultry and daivy products,
are located on the ypland and in the Clear Creek valley adjacent
to Silverdale.

Lofall, on Hood Canal at the northern end of the western
upland, is a small residential community which, peior to the
conpletion of the Hood Canal Bridge in 1961, was the'only
ferry terminal linking the Peninsula to the Glympic Peninsula
an the west:

Seabeck, Holly, Dewatto and Tahuya are the principal
shoveline communities developed along Hood Canal, Although
& large mynber of residents are permanent, the economies of
these communities are bolstered considevably by summer resort
businesses. Déwalto ts & small fishing community that alsa
serves a5 a log collection center for logging operations along
Hood Canal. Holly, 4o naned becauge of 1t holbrgrowing and
harvesting business, isnow predominantly & resort conmunity,
with a few permanent residents. Nellita, formerly a sawmill
commitity, is teday primarily the home of a few retired
residents. The shoreline of Hood Canal feom Tahuya east-
ward to Belfair is almost entirely developed by waterfront
residences and zumimer resorts, Belfalr State Park is a major

attraction during the summer season, with camping, picnicking
and water sport facilities,

The Union River-Gorst Creek valley is occupied by
small farms and permanent homes for people who work in the
Bremerton-Port Orchard areas.

Southern Ypland

The southern gpland is populated mostly Tn the northern
part, along Sinclair Infet in the Port Orchard~Anhapalis area,
and alony Puget Sound in the Manchester=Harper=Southworth
area, The Purdy-Burley area and Gig Harbor area in the southern
part of the upland have dlso developed somewhat as farning and
residential communities. Most of the southern upland's farm -
steads are logated in the broader upland-valleys of Burley Creek,
Blackjack Creek and in the Olalla Creek-Long Lake-Curley
Creek vailey, with the uplands adjacent to these valleys contain-
ing a few scattered farns. Beach homes and summer resorts are
located aleng Colves Passage, Henderson Bay and Case Inlet,

Aside from the incorporated towns of Port Orehard and
Gig Harbor, the major smaller communities are those of Man-
chester and Harper on Yukon Harbor, Belfair at the head of
Hood Canal, Vaughn an Case Iilet, and Burley and Purdy at
the head of Henderson Bay. Thecommunity of Bethel south-of
Port Qrchard is the anly significant center of vesidential devel-
apment on the upland,  Although most of the shoreline commun-
ities ariginated as logging and lumbering centers, they have
since been developed prinari by as waterfront residential areas
dependent upon retikement incomes, summer resort business;
and upon payrell incomes derived from employment in the nearby
cities of Tacoma, Bremerton and Port Orchard.. The community
st Purdyis the site pfanoyster caming business, a state
poliution contral laboratary, and the Peninsula Union High
Sehool and nearby Burley praduces poultry . dairy products and
strawberries,

Vashon-Maury Islands

Much of the economy of Vashon and Mauey |slands is
derived from commuting residents working i Seattle and Tacoma,
Although in the earlier days of water transportétion the island
business was centered [n the community of Burton on Quarters
master Harbor, today's business center has moved inland to the
unincorporated town of Vashon. Here are located several small
businesses that manufacture such products as tachomelers,
vetériniarian supplies, Hbergliss boat hulls and nose cones for
military missiles.. Also located near the town of Vashon s
a large greenhouse. West of town a large orcherd produces
cherries, dpples dnd pears. Strawberries and chiefries arethe
principal agricultural exporis of the island and holly is alse
raiset commercially.. Poultry farming is a major industry and
over LOOO,000 crates of egys are shipped annually from
Vashon Jsland, Tweo radio transmifting stabione are Tocated on
Vashan [slandg,

Maurry Island is developed principally slong its north-
westersr shoreline by waterfront homes which have access to
the protected waters of Quartermaster Harbor, A golf course
and county park-at Dockton provide recreational facilities on
the island., The only large industry isthat of & sand and gravel
gompany. Thigoperation has cut deeply into the gravel deposits
of the izland's precipitous south sea oliff. A radio station has
transmitting tower facilities on Maury lsland near the commun-
ity of Portage.
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The shorelines of the islands have several small
residential and resort communities. These include the ferry
terminals of Vashon Heights at the north end where connection
is-made with Fauntleroy in Seattle and Southworth, and
Tahlequal at the south.énd where ferry cannection is made with
Tagoma. Other shoreline communities include Burton, Ellis-
port; Dockton, Partage, Cove, Colvas, and Lizabeula.

Gig Harbor Peninsula-Fox Island

The Gig Harbor peninsula.and Fox Island are populated
primarily by suburban commuters employed in Tacoma. Reached
by the Narrows Bridge, these areas have been developed prin-
cipally by small upland farms, beach homes and. shoreline
communities. The town of Gig Harbor is at présent the business
and population center-of the peninsula; although development of
the-upland adjacent to State Highway 14-north of the Narrows
Bridge is rapidly expanding with residential and shopping
centers, Asaf 1963, the upland-west of the bridge is heing
cleared and leveled for the proposed Tacoma Municipal Afrport.
Fox Island has expetienced increasing residential growth with
completion of the bridge-across Hale Passage'in 1954,

Among the small unincorporated communities of this
arca are Artondale-at the head of Wellochet Bay, Rosedale on
Carr Inlet, and Arletta on Hale Passage. Kopachuck State
Patk, located north of Horsehead Bay on Carr Infet, offers
summer camping and picnicking facilities.

Longbranch Peninsula

The Langhranch peninsula, like other upland areas of
the report area;, has been almost completely logged off with
second-growth timber now predominating between the few
scattered farms that ocoupy the cleared areas. The unincor-
porated-shoreline communities of Key Center, Home, Longhranch
and Vaughn are theresidential centers of the peninsula. A
privately owned ferry system operates between the peninsula and
Herron Island in Case Inlet. To a lesser-extent than on Gig
Harbor peninsula-and Fox Island, residents commute daily to
Tacoma via the Nafrows Bridge. Huckleberry and holly are
exported fram Home. The economy is aided by summer resort
business with several-marinas offering boating facilities, Pen-
rose Point State Park offers camping, pienicking, and clam
digging to summer visilors,

Anderson Island

Reached by ferry from Steilacoom on the Pierce County
maintand, Anderson Island is-developed only moderately by a
few beach homes and summer cabins located primarily along
the north shoreline adjacent to the ferry dock, at Amsterdam
Bay on the west shore-and:on the Lyle Point peninsula at Qra
Bay. A-few small farmsteads are located on the uplands,-but
the interior of the island is otherwise characterized by uncleared
gécond growth timberland, In earlier days a brick manufacturing
indystry operated in the Ora Bay area, but today the economy of
Anderson [sland is*based upon development as a commuter sub-
urb of Tacoma.

AGRICULTURE

Early settlements on the Kitsap Peninsula were depen=
dent primarily upon trade with the mainland for their existence,
but as more land was-cleared, a diversified agriculture
developed to satisfy the growing local market. Though of less
importance than the shipyard and the farest products industries,
agriculture has progressed steadily and presently occupies an
important place in the area's economy,

The best agricultural lands on the Kitsap Peninsula
and nearby islands are found along the major alluvial-filled
stream valleys-and throtghout much of Bainbridge Island. The
agricultural soils are mainly class 3 sandy Alderwosd loams
and Kitsap silt loams, and are classified as being moderately
good (Wildermuth and others, 1934). Other areas are mantled
with-glacially-derived soils of the Everett and Indianola loam
groups and are classified as being exceéssively droughty.

Most farms in the area are medium to small in size
primarily because of high land values, varied topography and
sharply differing soil types, Many of the farms are operdted
ot a part-time basis by residents who are employed full time
elsewhere,. Ingeneral; the farms are quite diversified in their
output which includes dairy and poultry products, livestock,
hay, silage, grains, berries, fruits and vegetables.

MANUFACTURING

Ship construction with associated repair and main-
tenance is themost important-industey on the Kitsap Peninsula,
Figures obtained in 1950 show that nearly 40 percent of the
employed population in Kitsap County were engaged in manu-
facturing, and most of these people worked at the Puget Sound
Naval Shipyard at: Bremerton. This operation is directly
dependent upon federal funds and'to & gredt extent controls the
economy of the area.

Other small scale manufacturing operations counsist of
several boat-building fimis, a concréte pipe and septic tank
construction plant, an aluminum door and window frame manu~=
facturer, several ceramic shops; a trailer manufacturing firim,
and several smaller manufacturing companies.

FOREST PRODUCTS

The first lumber mills were established on the Kitsap
Peninsula at Port Gamble, Seabeck and Waterman i the early
1850%s. Gradually the vast stands of easily accessible virgin
timber were removed from the surrounding areas,

The relative importance-of lumbering began to decline
after the naval shipyard was éstablished at Bremerton ;- although
today the lumbering industry is stil of economic importance to
the report area. Themills at Port Gamble and Bremerton are
presently the largest operators, although more than 25 smaller
mills and approximately 150 logging firms operate throughout
the peninsula.

Secorid-growth timber is today utilized for pulpwood,
fumber, poles and piling and these are the most important
forest products of thearea. Inrecent years Christmas tree
growing and brush picking for use in floral displays have also
become important secondary forest industries,
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MINERALS

Proven mineral deposits in the Kitsap Peninsula area
have heen insignificant and of little economic value with one
sxception. The vast glacial deposits of sand and gravel found
throughout the area are of considerable importance; and
agaregate washing and grading plants are found at several
locations. Andesite and basalt rock used for various purposes
iz qudrfied adjacent to the Bremerton=Gorst highway and at
several places in the hilis west of Bremerton, Certain clay
mineral deposits offer some potential for manufacturing of
cement-and for refractory purposes, hut to date these have
ot bean exploited.

FISHERIES

Commercial fishing boats operate from the Kitsap
Peninsula’s many ports and harbors; bot in genéral the fishing
aotivity within the report area has declined. Salmon and other
saltwater food fish are found throughout. the waters of Puget
Sound, but commercial fishing activities have been generally
restricted to-the larger fishing grounds north of the peninsula.

Shellfish are found throughout the waters of the Kitsap
Peninsula andoysters are grown commercially at several
locations, primarily in the guiet waters of the more southerly
inlets.

Many streams on the peninsula are utilized by anad-
romous fish (plate B) and the Washington State Department of
Fisheries maintains-an important experiment station and sal-
mon hatchery near the mouth of Minter Creek,

RECREATION

Situated hetween the Qlympic and Cascade mountaing
and bounded:by several hundred miles of saltwater shoreline,
the Kitsap Peninsula affords an excellent combination:of
recreational cpportunities and scenic beauty. Many permanent
fesidents of the area and summer vacationers own attractive
waterfront homes. In recent years the development of new
resorts and tourist accomodations, catering primarily to-fishing
and boating activities, have added considerably to the penin-
sula’s economic stability and growth.
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GEOLOGY AND GROUND-WATER RESOURCES

By Dee Molenaar

WELL AND LOCATION-NUMBERING SYSTEM

In this report wells and locations are designated by
symbols that indicate their locations aggording to the offigial
rectangular public-land survey. For example, in the symhol
24/1E-33K1 , veprésenting one of the City of Bremerton's
wells, the part preceding the hyphen indicates successively
the township and range (T, 24 N., R. 1 E.)north and east of
the Willamette Meridian and Baseline. Because thereport
area lies entirely north of the Willamette Baseline the letter
indicating the direction north is omitted, but the letters "E" or
"W are included to describe the range's position east or west
of the Willamette Meridian, "The first number following the
hyphen indicates the section {(Sec. 33), and the letter "K"
givesthe 40-acre subdivision of the section, as showi in
Figure 9,

The last-number i3 the serial number of the well in the
particular 40 -acre tract, if more than one well is listed, Thus,
well 24/1E-33K1 is inthe MW2SE%, See. 33, T. 24 N.,
R. 1 E. and is the first well in the tract to he listed.
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Figwre 9. DIAGRAM SHOWING WELL AND LOCATION-

NUMBERING SYSTEM

GEOLOGY OF THE REGION

GEOLOGIC HISTORY

A knowledge of the sequence of geologic events that
formed the various rock units within the report area will give
an understanding of the extent-and occurrence of these forma-
tions, which in turn will aid in understanding the occurrence
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of ground waterwithin the area. As the oldest rocks found on
the Kitsap Peninsula are of Tertiary Age, the Toliawing
discussion will coveronly the sequence of geologic events

of the Tertiary Pericd through the Quaternary Period,

TERTIARY PERICD

Duoring the early and middle Eocene Epoch of the
Tertiary Period great thicknesses of basaltic and andesitic
lavas were extruded from fissures or-cones and were laid down
across & broad, horthwest-southeast trending piedmont plain
thiat océupied most of what is now-western and southwestern
Washington., “A fluctuating sea level and shoreline at that
time caused portions of the plain to lie alternately above and
below sea level, resulting in deposition of someof the lavas
in marine waters, Stream sediments derived from the volcanic
rocks were also deposited throughout the area, some forming
interheds and lenses between lava vock units. By late
Eocene time the volcanic activity had decreased considerably
and a period of quiescence followed, during which time and
extending through the Oligocene and early Miocene Epochs,
theusands of feet of marine sedimentary rocks accumuiated on
top of the voleanic rocks,

During late Miogcene time the voleanic and sedimentary
formations were-deformed into laige northwest-southeast
trending folds, producing the ancestral Cascade Mountains.
Erosion during early to middle Pliocene time reduced these
mauntaing considerably, At the close of Tertiary time, during
the late Pliocene Epoch, & north-south uplift produced the
present Cascade and Dlympic Mountains, ‘with an dcconipany=
ing downwarp between forming the present Puget Trough
{(Fenneman, 1931, p.450).

QUATERNARY PERIOD

Pleistocene Epoch

During tate Plivcene and through most-of Pleistocene
time what is now the Puget Sound lowland was the site of
deposition of sedimentary materials, These sediments con-
sist principally of varying thicknesses of fine-grained silts
and clays, alternating with coarser sands and gravels. The
finer sediments are helieved to have acecumulated in fresh-
water lakes and swamps, Thin strata of voleanic ash found
i the finer=grained materials indicate that some volcanic
activity was ocourring in nearby areas during this time, Woody
fiaterials docunivlated focally in shallow lakes of swanips,
resulting in'the lenses and heds of peat and lignite found today,
The coarser materials were laid down both as stream deposits
from hordering mountain valleys and as glacial drift materials
laid down by several large ice sheets which occupied the Pugel
Sound lowland during the Pleistocene Epoch,
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During the Pleistocene "lce Age™ vast giaciers origi-
nating in Canada pushed several times into the Puget Sound
fowland. lce sheets 2000 to 5000 feet thick covered the
arca as far south as the vicinity of Tenino in southern Thurston
County. A fluctuating climate caused the ice mass to alter-
nately grow and advance, and melt and "retreat," several times
during Pleistocene time, with the last ice disappearing from the
repart area approximately 14,000 years ago.

From the front of each glacier issued large streams
which deposited sands and gravels, and in many places cut
new channels and valleys for later filling by such sediments.
Fine silts and clays were deposited in fakes formed locally
in ice-dammed drainages. Warming of the climate for long
neriods caused large scale relreats of the ice from the area
and permitted the growth of vegetation and even forest cover
similar to that of the present day. As the climate again
cocled and ice again invaded the lowland areas, these forest
and swamp materiais were buried under the stream and glacial
deposits and are today found as compacted peat beds lying
within clay and silt materials. A primary deposit associated
with each glacier advance is Lill ar "hardpan,” normally a
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gray to bluish-gray, compact mixture of cobbles in a binder
of silt and clay. This material was “smeared" along as a
basal deposil of each ice sheet and mantled the pre-existing
topagraphy aver which the ice advanced.

Each period of glacial advance into the Puget Sound
lowland was followed hy glacial retreat and subsequent erosion
of sorie of the glacial drift materials. Because much of the
depositional record was thus destroyed, it is difficult to
determine the number of times that major ice sheets entered
the lowland, particularly during the early and middle Pleisto~
cene Epoch, However, since publication of the report on the
gealogy of Kitsap County (Sceva, 1957), several additional
field investigations have been made of the complex stratigraphy
of Quaternary sediments lound in various parts of the Puget
Sound lowland. These studies have resulied in considerable
modification of earlier cancepts held on the number and se-
quences of glacial and nonglacial stages within the Plejstocene
Epoch. According to Crandell and others {1958) who studied
the Pleistocene stratigraphy of the Sumner-Alderton-Orting
area in Pierce County, the earlier concept of two major
glaciations must now be replaced by one that allows for at

Tacomo Sumner-Alderton-
area COrting area
600 OLYMPIC 600
<00 MOUNTAINS KITSAP PENINSULA PIERGE  COUNTY 500
400
w300
;200
(z) 100
;M.S.L .
3-100
Y -200 Tertiary
Y 300 bedrock
-400
KITSAP PENINSULA DEPOSITIONAL PIERCE COUNTY MAINLAND
INTERVAL (Crandell & Others, 1958;
Walters & Kimmel, in preparation)
Qvr-recessional outwash Quvr-recessional outwash
Vashen Qut=till Fraser glaciotion Vashon — Qut=till
Drift Qvo-odvence outwash Drift Qva-gdvance outwash
Qec~Celvos Sand
Qg -unnemed grevel lvmeia interglaciati Qk-Kitsap Formarion
%k-Kirsop Formaticon Olympia interglaciotion
st—SDo(il;r:on Springs(?) Salmon Springs glaciation Qss-Salmon Springs Drift
Puyallup interglaciation Qp-Puyallup Formation
Qpu-pre=Salmon Springs(?) Stuck glaciation Qs=Stuck Drift
gzeg:;fs’ undifferen- Alderton interglaciation Qa-Alderton Formation
Orting glaciation Qo~Qrting Drift
Figwe 10. D!AGRAMMATIC WEST-EAST CROSS SECTION OF THE SQUTHERN PUGET SOUND LOWLAND,

SHOWING A TENTATIVE CORRELATION BETWEEN THE PLEISTOCENE STRATIGRAPHIC UNITS OF THE
KITSAP PENINSULA AND THE PIERCE COUNTY MAINLAND. The Sumner-Alderton-0rting area was studied by
Crandel!l and others (1958}, and the Tacoma area was studied by Walters and Kimmel {in preparaticn).
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least four glaclations. These studles, and a later summary
of the late Plelstocene stratigraphy and chronalogy of the
Strait of Georgia and Puget lowland by Armstrong and others
{1965), now name the following sequence of glacial and non-
alacial intervals:

Fraser glaciation (youngest)
Olympia interglaciation
Salmon Springs glaciation
Puyaltup Interglactation
Stuck glaciation
Aldetton interglaciation
Orting glaciation

In the Kitsap Peninsula area, only two readily recogniz-
ahle major glaclal drifts have heen found by the author. The
yaunger of these was named the Vashon Drift by Willis (1898,
p. 126).and this designation has been accepted by all sub-
sequent writers. The older of the two drifts has here been
tentatively correlated to the Salmon Springs Drift (Crandell
and others, 1958} but, owing 1o-lack of direct correlation to
date with the type localities near Sumner, Aldetton and Orting,
it was deemed advisable to identify the Drift found In the
Kitsap Peninsula-area with query. Flgure 10 shows the
writer's tentative correlation between the depositional Intervals
as-interpreted from stratigraphic units found in the report area
with those compositely described on:the Plerce County main-
land by Crandell and others {1958} and Walters and Kimmel
{in preparation). )

Warming of the climate at the close of the Salmon
Springs glaciation-resulted in melting and northward retreat
of the ice from the lowland. The lowland sediments then
became subject to eroslon, reworking; and partial bevelling by
streams from the adjoining Cascade and Olympic Mountains.
The streams carrléd: sediments from the mountaing and depasited
them across the partially eroded [owland. An aggradational
tloadplain was developed durlng this nonglacial period over
most of the area now occupled by Puget Sound and the Strait
of Georgla. Slow, meandering streams, shallow lakes and
marshes formed the predominating environment for the deposi-
tlon of fine silts, clays and pedts. These materials, named
the Kitsap Formation, were deposited In the report area during
the Olympia Interglaciation.

Following deposition of the nonglacial Kitsap Formation
a.cooling climate again brought on the growth of continental
glaclers In the north, and a thick sequence of massive~ to
well-bedded proglacially deposited sand with lenses and Inter-
beds of gravel and clay was lald down across the surface of
the Kitsap Formation. In places lakes were formed and partially
filled by well-bedded clays. Evidence to date falls to clearly
define the depositional environment of these materials, named
the Colvos Sand {see p. 33). Because the sands exhibit no
general decrease In grain size southward throughout the report
area, it appears that the depositional environment in which the
Calvos Sand was laid down remalned relatively corstant, and
shifted southward with the movement.of a'major ice sheet,
Untl more detalled studies are made of the Colvas Sand; the
writer proposes that the sediments were lald down as a pro-
glacial deposit at some distance beyond the advancing front
of the Vashon glacler,

The Vashon glacier entered the northers Puget Jow)and
following deposition-of the Colvas Sand and overlving coarser
progiaclal gravels. According to radiocarbon dating of wood
and peat from nonglacial deposits beneath these Vashan Drift
materlals, the glacier entered the north end of the Stralt of
Georgla In British Columbla since 25,000 years ago. (Arm-
strong and others, 1965), The approximate date of the
glacler's entry into the Kitsap Penlnsula area Is not establish-

ed at this writing, owing to a considerable varlation of radig~
carbon dates obtained from sediments found directly beneath
Vashon Drift throughout the Puget fowland.

The rate of southward movement of the Vashon glacier
acrass the report ared has been suggested by radiacarbon dates
ohtalned for preglacial and postglacial peat beds found In the
Seattle area by Mullineaux and others{ 1965}, Dates fram
wood fragments found in nonglacial sediments lying beneath
the "Lawton Clay Member of the Vashon Drift indicate that
nonglacial conditions prevailed at the latitude of Seattie unti!
atleast I'5;000 years ago. Dates of samples taken from
sediments directly overlying Vashon Drift show that the glacier
had retreated from this latitude inthe Kitsap Penlnsula area
prior to 13,500 years ago. Between these limiting dates [t
is shown that the ice occupied the Seattle area for no longer
than 1,500 years. As this perlod must.also allow for the
deposition of advance and recessional outwash sediments the
actual interval of occupancy by the Vashon glacier may have
been considerably shorter.,

As the glacier advanced in the Puget Sound lowland,
separate ice tongues pushed into valleys-existing in the pre-
Vashon topography and cut-these deeper while adjagent inter=
lohe “highs™ received sand and gravel deposits from streams
which-aggraded faterally and ahead of the separate ice tongues.
As the ice thickened, the tongues coalesced and eventually
covered most of the lowland, The fce continued to cut and
deepen the valleys, with ice erosion penetrating deeply into
the underlying materials, incliding the glacier's swhn advance
autwash deposits of gravel-and coarse sand, the ColvosSand,
The Kitsap Formation,; and'the older-materials: The valleys
thus eut extended 300 to 900 feet below present sea level,
This depth of cutting by the ice js not extreme when one con-
siders-that the Mashon glacier-attained thicknessesof 2000
to more than 4000 feet over the Kitsap Peninsula area, as
indicated by the presence of glacial erratics deposited by the
ice at these elevations on the adjacent flanks of the Olympic
Mountains. At the maximum extent of the Vashon glaciation,
the ice moved into what is now the southern part of Thurston
County and butted against the foothills of the Black Hills,

The materiais remaoved by the glacial erosion-of the vaileys
were carried southward by outwash streams and were either
deposited across the southern part of the lowland or were
cartied into the Chehalis River drainage via the Matlock and
Gate: Pathways deseribed by Bretz (1913,

Near the close of the Pleistocene Epoch the front of
the Vashon glacier hegan to recede from the Puget Sound low-
fand. The wplands and hHis were the firsbareas freed of ice.
Meltwater streams fiowed scross the exposed areas, eroding
some-of the earlier deposits and redepositing these sand and
gravel materials in hroad channels. Deltas formed at many
places where streams ferminated in lakes and ponds that were
impaunded by ice tongues still ocoupying the valley areas.

A series of lakes thus formed in the valleys gradually abandoned
by the retreating ice front became the sites for deposition of the
fine-grained thinty stratified, well-bedded clays of glacial

Lake Russell (Bretz, 1910). As the ice continued fo melt, the
meltwater streams and Jevels of the impounded lakes shifted to
progressively lower altitudes. Finally, upon completedis-
appearance of ice from the Poget Sound lowland, marine waters
entered by way of the Strait of Juan De Fuca and replaced the
glacial lake waters, farmifg the present day salt-water embay-
ments and channels of Puget Sound,

Recent Enoch

In Recent time deltas have formed at the mouths of the
latger streams that discharged ifite Puget Sound. Where filled
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with stream sediments to above sea level, they today fonn the
broad river hottomlands which head many of the marine embay-
ments. Peat and silt deposits have accumulated in ponds that
developed on the irregular glacial topography, and a relatively
thin soil mantle has developed throughout most of the area.
Postglacial streams have eroded deep canyons in the uplands,
while slumping and wave erosion have steepened many of the
slopes extending from the uplands to the waterways of Puget
Sound. The processes of erosion of uplands, and deposition
of river silts and sands into the lowlands and headwaters of the
Puget Secund inlets continue through the present day.

DESCRIPTION OF ROCK UNITS
TERTIARY ROCKS
Volcanic Rocks

The oidest rocks found in the Kitsap Peninsula are the
thick sequence of basaltic flows that underlie the Green Moun-
tain-Gald Mountain hills west of Bremerton. These volcanic
rocks have been correlated to racks found on Vancouver Island,
British Columbia, which were first described and named the
Metchosin volcanics by Clapp (1909). Although first assigned
a late Mesozoic Age, they have since heen described on the
Kitsap and Olympic Peninsulas of Washington as being of
Eocene Age (Weaver, 1937).

In the Green Meuntain-Gold Mountain hills the flows
consist principally of dark, fine-grained hasalt. Some flows
have an amygdaloidal texture where vesicular bubble holes
have become filled with secondary minerals. In the quarry at
24/1E-28 on Sinclair Inlet, several flows are discernible,
with a maximum thickness of individual flows being about 30
feet.

Figure 11. TERTIARY BASALT FLOWS.
Exposed in road cut along Sinclair
Inlet at 24/1E-28.

Associated with the flows are crystalline igneous rocks
which as dikes and sills have locally intruded the finer-grained
hasalts, These rocks are usually coarse-grained diorite and
basalt porphyry and are exposed in the guarries at 24/1W-3P
and 24/1W-8A on the north slopes of Green Mountain,

The total thickness of these volcanic racks is not known,
in an oil test well at 22/1W-11J the drill encountered these
rocks at a depth of 700 feet and had not passed through them
2t a depth of 6,688 feet (Sceva, 1957, p. 13).

Sedimentary Rocks

A thick sequence of well-indurated marine sedimentary
rocks crops out in the sea cliffs near the southern end of Bain-
bridge Island, and in the opposite shore of Rich Passage from
Waterman to Orchard Point. Similar rocks are also exposed in
the entrance to Dyes Inlet at the western end of the Port
Washington Narrows. They consist of conglomerate, sand-
stone, and shale composed mainly of erosional products from
a volcanic terrain, These rocks were described and named
the Blakeley formation by Weaver (1912, p. 10-22), who
later determined their age as Oligocene. The total thickness
of this formation in the report area is estimated to be more than
8,500 feet Weaver, 1937, p. 151), although its base and
upper surface are not exposed. The formation was folded and
later hevelled by crosion in late Tertiary time and strata that
were once practically horizental are now inclined at angles of
45-degrees to nearly 90-degrees (Fig. 12). A marked
angular unconformity exists between this formation and the
overlying Pleistocene sedimentary materials.

Figure 12. BLAKELEY FORMATION. Nearly

vertical strata exposed above beach at
24/2E-8J northeast of Port Orchard.
QUATERNARY DEPOSITS

Pre-Salmon Springs(?) Deposits, Undifferentiated

A great thickness of unconsolidated sedimentary
materials overlies the Tertiary rocks in the Kitsap Peninsula
and represents an accumulation of glacial and nonglacial sands,
gravels, clays and till during early to middle Pleistocene time,
prior to the Salmon Springs glaciation.

As observed in & number of exposures at the base of
beach bluffs, and as described in drillers' logs, these sedi-
ments are composed primarily of fine-grained sands, silts,
and clays which were named the Admiralty drift by Willis
(1398). Owing to the recognition of a till unit within these
materials the sediments were considered by Willis to be repre-
sentative of a single glaciation priot to the Vashen glaciation.
Bretz (1913, p. 175-177) recognized two distinct tills
within the Admiralty drift but still accepted the name given the
formation by Willis., As discussed earfier, subsequent studies
by Crandell and others (1958) have shown evidence of at least
three major glaciations prior to Vashon glaciation. The term
Admiralty drift, used by Sceva (1957) to describe these older
materials, has been replaced in this report by the term pre-
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Salmon Springs(?) deposits, undifferentiated. This unit
includes both glacial and nonglacial materials.

The upper surface of these sediments is marked by an
erosional unconformity which is below sea level in most places
in the Kitsap Peninsula but is exposed in a few places at the
hase of sea cliffs. Owing to the heavy cover of vegetation
ohscuring the upper surface, the top of the pre-Salmon
Springs( 7) deposits, undifferentiated is not readily observed
in most places., However, well log data indicates the surface
to be deeply croded., Elevation differences of 300 to 400
feet are common between ancient hills and valleys.

These older sediments are exposed along the hase of
heach biuffs at Point Southworth and south along the west
share of Celvos Passage to a point helow Fragaria. On Vashon
Island, on the east shore of Colvos Passage, they are found
forming a steep resistant bluff at 23/2E-26G near Cove (Fig.
13a) and also south of Lizabeula at 22/2E-140, where they
may be seen attaining a vertically tilted position probably as a
result of ice shove by the Vashon glacier. The older sediments
are also exposed in a small outcrop at 22/3E-19C on the north
shore of Quartermaster Harhor (Fig, 13h). On the Longbranch
peninsula they form the majer part of the South Head peninsula
20/1E-6,

The above-described exposures consist chiefly of
massive, frequently contorted strata of hard clay and silt, with
horizontal, weli-defined bedding rare, Where a hard, horizon-
tally.bedded clay has been found, it has been mapped with the
Kitsap Formation, although it may in fact be associated with
the clder materials.

Because there are only a few exposures where the pre-
Salmon Springs(?) deposits, undifferentiated can be examined,
its character is known mainly from well logs. In most logs it
is described as being composed of fine-grained materials,
chiefly clay and fine sand, with cceasional interbeds of
coarser sands and gravels. In interpreting from drillers' logs
it is sometimes impossihle to separate soft sedimentary rocks
of Tertiary Age from the overlying Pleistocene materials
because of the similarity of the rock descriptions used. Many
of the deeper wells in the report area have been drilled through
the Pleistacene materials and continued into the Tertiary sedi-
mentary rocks without any notation by the drillers of a change
in formation. Drilling speed, which might give an indication
of that break in lithology, was generally not recorded so that
in many wells where the Pleistocene materials have been

R i

a. Base of beach bluft at Cove on Vashon Island,
at 23/2E-26K.

Figure 13,

completely penetrated their thickness is not determinable from
well logs.

Salmon Springs(?) Drift

Lying uncanformably upen the deeply eroded surface
of the pre-Salmon Springs(?) deposits, undifferentiated,is a
sequence of coarse, stream-laid gravels and sands with local
accurrences of glacial till, These materials were corre-
lated by Sceva (1957, p. 15) to the gravels studied and
named the Orting gravel by Willis (1898). Because the
gravels in the type locality near Qrting in Pierce County grade
upward into a fine=grained member (Willis, 1899), Sceva
divided his Orting aravel in Kitsap County into a lower and an
upper memher, naming them the lower memhber and the Kitsap
clay member of the Orting gravel (Sceva, 1957, p. 15-17).
However, subsequent re-examination of the Pleistocene
stratigraphy in Pierce County by Crandell and others (1958)
has assigned Willis' Orting gravel to a much older glaciation
than that responsible for deposition of these gravels in the
Kitsap Peninsula area.

Two post-Orting, pre=Vashon glaciations have now
been recognized and named by Crandell and others (1958)
the Stuclc and Salmon Springs glaciations. The type section
of the Salmon Snrings Drift has since been traced out to
Browns Point northeast of Tacoma, and deposits of similar
stratigraphic relationship have been subsequently mapped in
the sea cliffs south of Tacoma by Walters and Kimmel (in
preparation), and in Thurston County by Noble and Wallace
(in preparation) . These deposits are correlative with the so-
called lower member of the Orting gravel named by Sceva
(1957) in Kitsan County. The present writer has extended
the mapping of these gravels into Hie southern part of the
Kitsap Peninsula and has correiated these with similar depos-
its found in Thurston County by Noble and Wallace (in
oreparation), However, because of the lack of direct correla-
tien by surface exposures with the type sectian in the Sumner-
Orting area of Pierce County, the writer is in agreement with
Noble and Wallace that it is advisable to correlate these sedi~
ments only tentatively and with reservation by naming them
Salmon Springs(7?) Drift.

The Salmon Springs(?) Drift i< usually exposed at or
slightly above the base of sea cliffs and primarily in the

By o

bh. Above road at 22/3E-19C on Vashon [sland.

-

PRE-SALMON SPRINGS(?) DEPOSITS, UNDIFFERENTIATED.
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a. Salmon Springs(?) Drift graveis underlying
Colvos Sand and Vashon till at 20/2E-5C
near Pt., Fosdick.

Figure 14,

southern half of the report area, chiefly as a coarse-bedded
gravel sequence with lenses of finer sands and some rare till
pods. The upper surface of the drift is found at elevations of
10 to 30 feet abave sea level and appears in some exposures
ta be conformably overlain by finer sediments, grading into
the silts and clays of the Kitsap Formation. Locally

peat beds are observed in what appears ta be upper portions of
the drift, but these may belong to the nonglacial Kitsap Forma-
tion. The base of the formation is seldom observed but is
believed to extend to 200 or more feet below sea level where
it fills the deeper valleys cut into the surface of the pre-
Salmon Springs{?) deposits, undifferentiated. The anly
information on the thickness of the Salmon Springs(?) Drift
cames from dritlers' fogs, hence it is frequently difficult to
mark the depth at which these sediments overlie the older
deposits, Although scattered exposures are found in Kitsap
County proper, the surface of the Salmon Springs(7) Drift
apparently has been slightly depressed northward in the Puget
Sound hasin, and most of the well-defined exposures are
found in the southern part of the report area. The glacial
drift forms a nearly continuously exposed basai part of the sea
cliffs of the southern half of Longbranch peninsula and most
of Anderson Island,

In many exposures the chief characteristics which dis-
tinguish these gravels from those of the Vashon Drift are the
greal degree of oxidation with lends to the formation a generally
rusty orange coloration, and the inclusion of granules and
lenses of pumice, which are not noticeable in the Vashon
Drift. The oxidation is normally of a surficial nature only and
the pebbles are not noticeably decamposed, although in many
nlaces the gravels have been sufficiently oxidized to become
firmly cemented together, resulting in the formation of vertical
cliff faces (Fig, 14a). The sediments were partially derived
from granitic and metamorphic type rocks, signifying an origin
in the northern Cascades and British Columbia. Where exposed
in rare outcrops the glacial titl is extremely compact, in con-
trast to the softer.overlying Vashon till.  The two tills are
well exposed northwest of Green Point on the Horsehead Bay
peninsula, at 21/1E-28D. Here the Salmon Springs(?) till
is abserved rising diagonally from the base of the sea cliff to
attain an elevation of about 15 feet before being truncated by
the younger Vashon till; the twa till sheets are separated by
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b. Exuosure inroadcut at 22/2E-3M near
Olalla, showing Salmon Springs(?) Drift
gravels unconformably underlyina Colvos
Sand and Vashon advance gravels.

SALMON SPRINGS(?) DRIFT.

awell-bedded sequence of reddizh sands believed to be Colves
Sand.

Kitsap Formation

The Salmon Springs(?) Drift is overlain in most places
by the Kitsap Formation which consists chiefly of clays and
silts, with minor amounts of sands and gravels. Distinctive
beds of peat and lignite occur at various intervals throughout
the formation. The materials are of nonglacial origin. The
presence of euhedral and subhedral hypersthene grains indi-
cates a derivation from Mount Rainier and southern Cascade
volcanic rock types.

Sceva (1957) assigned these deposits to the Kitsap
clay member of the Orting gravel. However, these silts and
clays are of nonglacial character, as opposed to the glacial
autwash character of Sceva's lower member of the Orting
gravel (herein named the Salmon Springs(?) Drift). Therefore,
the writer, with concurrence by Noble and Wallace (in prepa-
ration), deemed it advisable to describe the Kitsap as a sepa-
rate formation. The writer herewith proposes the name Kitsap
Formation for this unit.

The type lacality of the Kitsap Formation is a heach
bluff exposure at 22/2E-9J, one-half mile north of Maple-
wood on the west shore of Colvos Passage. Here the formation
appears to lie conformably ahove, and interfingers with, the
Salmon Springs(?) Drift gravels. The presence of a peat-bear-
ing silt stratum 1 to 4 feet thick about 15 feet below the top
of the 55-foot seguence of predominantly reddish gravels sug-
gests that early in the deposition of the Kitsap Formation
there existed a stream depasitional environment and/or the late
stages of the Salmon Springs(?) Drift deposition included a
lacustrine environment and a temperate climate. Such conditions
would indicate a transition from a glacial to nonglacial environ-
ment at this location without an erosional interval.

In Thurston County to the south Noble and Wallace (in
preparation) describe similar deposits of peat-bearing silt
overlying gravels of Salmon Springs(7) Drift, between Butter~
ball Cove and Hogum Bay along Nisqually Reach. Here is
exposed about 60 feet of harizontally-bedded brown to gray
silt and clay overlying 4 feet of rusty gravels just above beach
level. At least three peat-bearing strata are observed in this
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exposure. The upper surface of the formation is generally 20/1E-18N, P: West shore of Pitt Passage, northeast of
ohscured by a dense cover of vegetation, Mahnckes Point.
Several sections of well exposed Pleistocene deposits
were measured in the southern part of the report area and show Rock unit Thickness
the relationship of the Kitsap Formation to the underlying Vashon Hll =ememm oo - —m - e e 20!
Salmon Springs(?) Drift and the overlying Colvos Sand as Colvos Sand: sand, brown, medium-
foifows: graingd —~~==rmmm e 15!
Kitsap Formation: clay, silt, peat-
19/1W-2B: South end of Longbranch peninsula at Devils Head. b%aring _________ Y o _? __________ 15
Rock unit Thickness Salmon $prir1gs(‘?) Drift: sand, brown, ,
Vashon (il =====m=meme e ma e e (top of bluff) medium-grained ---------mo-emeuon- 30
CO'VOfaSa;f: _ff?‘_j:_b_(_?irl’_ f'_e_(i'fip___ ______ 10" Except for interbed of Kitsap Formation here, Salmon
Kitsagp f;"tl)rmation- silt, peat-bearing Springs(?) Drift would have been mapped as Colvos Sand,
sai withsviyianétf) iSC.iESiOUS ‘;"; """" 12! 22/2E-94, K: West shore of Colvos Passage, one mile south
aimon Springst/ rift; gravei an of Olalla.
sand,; rusty ===messmesnesmne s 20'
Rock unit Thickness
From this point northwesterly along the west shore of Colvoes Sand: sand, reddish-brown,
Longbranch peninsula the Salmen Springs(?) Drift decreases With §ilf ===mmmmmm e 401
in grain size, the Kitsap Formation thins and disappears, and clay, blue-brown, finely hedded ~---- 43!
farther north it is difficult to distinguish the boundary between Kitsap Formation: silt, with 2" peat
the Salmon Springs(?) Drift and the Colvos Sand except by a stratum at top----mmmemmmm e mmeee 21
slightly more oxidized coloration of the former. Salmon Springs{?) Drift: qravel, red ----- 15'
L 1!
19/1E-208: South end of Anderson Island. clay, blue ==-===mmmmme e 31
Rock unit Thickness gravel, red —-=esmmmemmme e 35
Vashon till ======mcemee e e 3! , _ .
Colvos Sand: sand, brown, medium- . This section shows the transition of gra\(els, clay,.
P A R — 10! silt and peat at contact between the Salmon Springs(?) Drift
Kitsap Formation: silt, peat-hearing ~-~-- 3! and the Kitsap Formation..
sand, Silty =-=e=ememememuoccooaon g The Kitsap Formation is well exposed along the base
Salmon Sarings(?) Orift: gravel, rusty --- 10! and fower parts of sea cliffs throughout the report area, Well-
silt, clay, peat-bearing -«=---==-==n=- 2! laminated peat beds form noticeably resistant strata in many

exposures and some are observed to crop out from beneath
Immediately west of this exposure thin strata of younger beach gravels as at 22/2E-15R (Fig. 15a). These peat

clay of alacial Lake Russell overlie the Vashon till. strata are particularly well exposed in the Kitsap Farmation
yorg along the highway west of Port Orchard at 24/1E-27P
21/2E-30Q: West shore, entrance to Wollochet Bay. (Fig. 15b). Here two or three relatively thick strata are

exposed at road level and above, beneath a thick sequence

Rock unit Thickness of well=bedded blue clays and silts.
Vashon till =====mmemmm e e e 12!
Celvos Sand: sand, gravel ——=--mmceeeue 20"
Kitsap Formation: clay, peat-bearing --- 3!
Salmon Springs(?) Drift: gravel, rusty -- 20'

S g o

A

o b. Peat strata within silts and clays, exposed
a. Peat stratum exposed in beach gravels south

long highway west of Port Orchard, at
of Sandford Point on Vashon Island at 32/351?27;3)_, et o Tort e
22/2E-15R.

Figure 15. KITSAP FORMATION
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a. Massive 20-foot silt bed, showing spalied
off blocks tying on beach,

Figure 16. KITSAP(7) FORMATION
Expasure of massive, nearly shale-
hard stratum of silt at base of beach
biuff on Vashon Island at 22/2E-2Q.
Although mapped as Kitsap Formation,
this material may be of considerably
greater aae.

The Kitsap Formation is normally well-stratified and
in most piaces the clay strata are finely laminated in contrast
to the thicker, more massive and predominately contorted clays
of the pre-Salmon Springs(?) deposits, undifferentiated. In
some localitites, however, differentiation between the older
clays and the Kitsap Formation clays is difficult, and only a
detailed petrologic-mineralogic study will separate the glacial
and nonglacial character of each, In some cases the areas
mapped on Plate 1 as'the Kitsap Formation may actually repre-
sent the alder materials, For example, one mile north of
Lizabuela on Vashon Island (22/2E-2Q), exposed at beach
level is a massively bedded, horizontal stratum of brownish
to gray silt and clay. The material is nearly shale~hard and
numerous blocky fragments have spalled off the outcrop and lie
on beach below (Fig. 16a). In places where the silt and clay
sirface has been eroded to beach level a joint pattern of mud-
cracks is observed (Fig. 16b). Of particular interest are the
numerous small brifliant blue vivianite inclusions, some of

which have replaced fossil fresh-water ¢lam shells (Fig. 16¢).

The thickness of the Kitsap Formmation varies greatly
throughout the report area, from less than a foot to more than
200 feet, with the top of the formation ranging from below sea
level to 200 feet or more ahove sea level. As shown in the
diagrammatic sections on Plate 1, the thickness of the Kitsap
Formation has probably been exaggerated, owing to inclusion
here of older undifferentiated clays and silts. Conversely, in
some areas where sands and gravels occur in the lower part of
the formation these have been mapped with the Salmon

b. Base of silt bed, showing wave-eroded char-

acter of hard materials, also joint pattern of
mudcracks exposed at beach level.

c. Fragment of silt, showing fossel clam re-
placed by vivianite.

Springs{?) Drift. Likewise, where the upper part of the Kitsap
Formation has graded into sand, this has been mapped as
Colvos Sand.

Because of the widespread distribution of these peat-
bearing nonglacial sediments throughout the Puget lowland,
the Kitsap Formation has been considered useful in strati-
graphic correlation of nonglacial materials in the report area.
However, the time correlation between peat beds of apparent
stratigraphic similarity has been occasionally subject to
revision owing to both a variation in dates obtained from a
given bed and a possible variation in methods of analyses
between the several laboratories conducting the tests. For
example, recent redating of peat collected at Johnson Point
in Thurston County gives an age greater than 42,000 vears,
whereas an earller analyses gave a date of 27,900 years
(Dorn and others, 1962). Peat beds from an apparently simi-
lar stratigraphic horlzon in Seattle have been dated as 20,300
years (Stark and Mullineaux, 1950}, and even younger dates
of 15,000 years have been subsequently obtained in Seattle
(Mullineaux and others, 1965). Further north, in the Strait
of Georgia lowland, peat and wood collected from the Quadra
Formation, believed to be stratigraphically correlative to the
Kitsap Formation, have been dated between approximately
25,000 and 35,000 years.

Unnamed gravel

Associated with the finer floadplain deposits of the
Kitsap Formation, and found exposed along the bluffs of the
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western upland, is a thick sequence of poorly bedded rust~
colored gravel and coarse sand. Previously mapped with the
Vashon advance outwash by Sceva (1957), these generally
coarse sediments consist predominantly of hasalt, argillite,
sandstone and slate pebbles, derived almost entirely from
rocks of the Qlympic Mountains, Qccasionally a granitic
pebble of northern origin is found, undoubtedly a re-worked
constituent of an earlier glacial drift. In places the gravel is
considerably weathered and decomposed, and disintegrates
under the blow of a hammer, while in other outcrops it is well
cemented and conglomeratic, and at beach fevel has been
eroded by wave action te form overhanging alcoves, Interbeds
of reddish to yellawish silt and clay with some peat strata
indicate the gravel's nonglacial chiaracter and relationship to
the more widespread Kitsap Farmation,

Although hedding is generally poorly defined, same
exposires visited on the west shore of Hood Canal across from
the report area (Fig. 17) show an eastward dipping bedding
that suggests the gravel's origin as fluviatile or glaciofluviatile
material deposited as alluvial fans extending beyond the foot=
hills of the Olympic Mountains. The reddish gravel has also
been found by Nable (oral communication) to be widespread as
a major depositional unit throughout the lowland of southern
Mason County. Until a more detailed study has heen made of
this formation, it is in this report designated the unnamed
gravel,

e R

e R e R S e R R
Figure 17, UNNAMED GRAVEL, exposed
on west shore of Hood Canal, Mason County.
Deltaic bedding dips eastward from front of
Olympic Mountains, Vashon till overlies grav-
el in upper right corner of photograph,

Vashon Drift

The Vashon Drift was named by Willis (1898) and
includes the extensive till sheet and associated outwash sands,
gravels, and clays deposited in the Puget Sound lowland during
the advance and recession of an ice lobe originating in the
north during the latest major glacial epoch.

Vashon outwash is material which was deposited beyond
the ice front by glacial meltwater streams. Near the jce front,
poorly sorted, roughly stratified gravel and coarse sand was
deposited while at greater distances from the glacier front finer-
grained, more evenly stratified sands, silts and clays were
deposited, Material deposited ahead of the advancing glacier
and subsequently over-ridden by the ice is termed "advance
outwash," while material deposited during the recession of

the glacier and consequently laid down across the Lill surface
exposed by the retreating ice is termed "recessional outwash,"
These two outwash units are usually separated by the interven-
ing stratum of glacial till, normally a mixture of gravel and
cobbles in a matrix of clay and silt, laid down as a basal
deposit beneath the maving ice sheet.

Included with the Vashon Drift is a younger clay
deposited during late Vashon time in glacial Lake Russell
(Bretz, 1913).

Because present evidence suggests that the Colvos
sand was laid down as a proglacial deposit of the Vashon ice
sheet, it is included under the discussion of the Vashon Drift.

Colvos Sand

The nonglacial peat-bearing clays and siits of the
Kitsap Formation are averlain by a thick sequence of fine-
grained, well sorted sands, Deposits range from finely
laminated varved clays and silt, usually found at the base of
the formation, to thick, massive strata of sand, with local
strata and lenses of coarse sand and gravel, Current and del-
taic bedding are present in some places., Some exposures
exhibit varying gradations from sand to gravel, while others
show well-bedded slrata and lenses of silt and clay.

As discussed earlier, the sand sequence was helieved
by Sceva (1957) to be correlative to the Puyallup Sand, a
formation first described in the Tacoma area by Willis (1898).
Subsequent studies have found this sand to be of much younger
age than that of the originally described Puyallup Sand, and
also to be of glacial derivation as opposed to the nonglacial
origin of the Puyallup Sand.

The thick sand sequence is prominently displayed in
many sea cliffs throughout the report area (Fig, 18a) and is
believed to be correlative to many similar thick sand units
exposed along the waterways in other parts of the Puget Sound
lowland, such as the upper part of the Lawton Formation des-
cribed in the Seattle area by Stark and Mullineaux (1950)
and the Esperance sand described in Snohomish County by
Newcomb (1953), As the sand has been only tentatively
correlated to the previously named units found elsewhere, the
writer proposes that, because the sand is well exposed in the
sea cliffs along Colvos Passage, the name Colvos sand be
applied to this unit.

At many places along both shores of Colvos Passage
the Colvos Sand exhibits its gradation from blue glacio-
tacustrine clays at the base, usually near heach level, upward
into silt and sand. At 23/3E-7L-M, near the north end of
Vashon Island, a road descending from the upland to Sandy
Beach passes through excellent expasures of the entire se-
guence from Vashaon till to the clays at the base of the Colvos
Sand and silts of the Kitsap Formation. From near heach
fevel to an altitude of about 250 feet is exposed a thick
sequence of well-bedded, soft brown sand. The top of the
sand grades upward into coarser strata of sand and gravel of
the Vashon advance outwash, above which lies Vashon till,
The contact between the Colvos Sand and advance outwash is
conformable and gradational, indicating an environment of
continuous, uninterrupted deposition at this location.

Although in some expasures the Colvos Sand is uncon-
formably overlain by aravels of the Vashon advance outwash
(Fig. 18b) and in some places is directly overlain by Vashon
till (Figs. 18c, 18d), the crosional interval was evidently of
short duration and local in extent in the Kitsap Peninsula.
Some exposures display injection of underlying clays and
silts into the Colvas Sand. This is well illustrated at 28/2E-
18, south of Foulweather Bluff (Figs. 18e, 18f), where
strata composed of dark clays and lighter silts have been
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a. Thick exposure of Colvos Sand b. Colvos Sand unconformably overlain

in sea cliff at 28/2E-19J. by Vashon advance outwash and till;
exposed in sea cliff at 28/1E-13B,

e e

¢. Bluff near Annapolis at 24/1E~25M, d. Sea cliff at 28/2E-18D, showing
showing Colvos Sand overlain by Colvos Sand overlain by Vashon tifl,

Lower part of cl1ff shows fragmenits
of Kitsap Formatlon claysaligned In
bedding plane.

Vashon till.

+ a

o

f. Detailed view of clay injected into
horizontally bedded Colvos Sand.

e. Clay injected upward into Colvos Sand,
exposed in sea cliff at 28/2E-184.

Figure 18, COLVOS SAND. Several expusures showing relationship
to overlying and underlying depositional units,
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contorted beneath hovizontally bedded sand. The clays
invoived were probably laid down in lakes early in the petied
of deposition of the Colvns Sand. According to Bretz (1913,
p. 185) such distortion of the clay beds without noticeable
deformation of overlying beds of sand might bethe vesult of
vertical compression and a guicksand=type environment during
the deposition. of the sand.

The thickness of the Colvos Sand varies throughout the
report area from a few feel to over 300 feet, with the base of
the unit usually found near sea level,

The Colvos Sand is in some upland areas difficult to
distinguish from Vashon recessional outwash sands, and, as
mapped on Plate 1, the Colvos Sand may include Vashon
récessional outwash materials, Where Vashan G s not
present above the Colvos Sand to distinguish it from Vashen
recessional outwash sands, the fallowing criteria have been
uged by the weiter to identify the Colvos Sand: (1) greater
campaction of the sand, as opposéd to the comparatively
loose consolidation of the recessional sand; (2) nresence of
a thin surficial zone of fissile clay at top of sand, indicating
the unit was probably affected by the subszequent overriding of
the Vashon glacier; and (3} presence of sccasional erratics
ot lag gravels upon the surface of the Colvos Sand, Othemwise
the sands have been mapped locally as Vashonrecessional
outwash sands. Areaz in the Kitsap Peninsula where such
upland exposures of Colvos Sand and/or Vashon recessional
outwash sands are found are the relatively broad upland valleys
listed below according to geographic provinces:

Northern upland: valtley heading south end of Port Gamble
bay southwest of Striebels Cornerp upland north of
Indianola .

Central upland; Barker Creek valley; Claire Marsh-
Meadowdale valley; upland east of Tracyton,

Southern upland: uplands above Port Orchiard and Annapo-
lis; Burley Creek-Blackjack Creek valleys; Qlalla
Creek~Long Lake~Curley Creel valley; Minter Creek
valley; Gorst Creek-Union River trough.

Vashon Island: upland near Point Beal: horth half of
Burton peninsula.

Gig: Harbor-peninsula: -MeCormack Creek valley: Artondale
Creek valley; Ralt island and south along southwest
upland of peninsula.

Longbranch peninsula: upland alongside main north-south
road in north haif of peninsula; valley heading north
from Whitman Cove,

Advance Qutwash

As mapped on Plate 1, the advance outwash consists
chiefly of the gravels and coarse sands that lie beneath the
Vashon till cap and above the finer sands mapped as Colvos
Sand. Many depasits of advance cutwash:gravels obscure
undetlying:materials by forming athin veneer along valley
sides. These may lead to a misconception as to the character
of the materials forming the uplands, In these areas it is often
necessary to study drillers” logs to interpret the probable geo=
logic sequence, A typical exposure of Vashon advance outwash
beneath-a till.capping is 2 sequence of poorly sorted gravels at
the topy gradinig downward into better sorted and stratified
gravels and sands, with locally a lense or stratum of
lacustrine silt or clay (Fig, 19).

Figure 19,
Gravel pit exposure at' 2471 E-34% south of
Part Orchard, showing Vashon till overlying
advance outwash gravels and a lense of bedded
sand and sift,

VASHON ADVANCE OUTWASH,

Tiit

Till is a primary deposit associated with each giacial
advance, Tullis normally a gray to bluish-gray compact and
unsorted mixture of cobbles and pebbles in a binder of silt and
clay, Thismaterial was "smeared” along the-ground by the
tremendous pressure produced by the weight of the ige. This
hasal deposit of the iee characteristically forms 2 sanping on
the topogranhy over which the ice sheet advanced, The
nannally compact nature of the glacial till hag given o it the
local namie of "hardpan.” It is commonly o tard that hlasting
is required during the construction of dug wells, although in
some places where the ice rode over sandy materials, such as
the Colvos Sand, thetill may be sandy and relatively friable.

Observed exposures of Vashon till vary in thickness
from less tham a foot to more than 50 Feet. The nature of tifl
deposition beneath moving ice has generally resulted in greater
thicknesses beifig {aid dewn on the southerly or "lee! slopes,
This is:particularly noticeable in the great thicknesses of till
found exposed on many south-facing sea cliffs. in many such
expusures the entive ¢liff Is composed of till (Fig..20). In
contrast, most north-facing sea ¢liffs consist primarily of
older materials capped by a thin till sheet,

The weight and pressure of the moving fce on underlying
sediments have caused their deformation in some places. At
22/2E~14D on Vashon Island south of Lizabeuls a thick
sequence of well~bedded Colvos Sand exhibits a gradually
steepening dip until it is nearly-vertical as it parallels similarly
upturned silt-and clay strata of the pre-Salmon Springs(?)
deposits. This:sbructure is a result-of the great force exerted
by the overriding Vashon glacier,

Marine fossils were found by Sceva{1957) in the till
in-the low séa-cliffalong Skunk Bay at 28/2E~18H southeast
of Foiilweather BIuff,  The writer examined small fragments of
marine shells in the same general location and it was apparent
that-such fragments were derived from older undeilying sediments
of pre~Vashon age. "It should be noted that in the northern part
of the Puget Sound fowlamd, near Bellingham in Whatcom
County , marine fossils have been found intact by Easterbrook
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exposed in 50~foot sea elliff at b. Detailed view of till; showing unsorted
mixture of coarse pebbles in stltand clay.

a. Till
21/1E-27C, west of Fox Island Bridge.
Figure 20. VASHON TILL

.. Ablation £l overlying £, seen b. Detailed view of outlined area.
in road cut at 24/2W-324Q,

Figure 21. VASHON ABLATION TILL

Figure 22. GLACIAL ERRATIC. Greenstone houlder
near qutlet to Lake Tahuya at 24/1W-20C.
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(personal communication). These occur in two glacio-marine drift
units subsequently assigned by Easterbrook to the Bellingham
and Kulshan glaciomarine drifts (Armstrong and others, 1965).

Vashon till is composed of a great variety of rock types
which indicate their derivation from rocks of the narthern Cas-
cades and British Columbia. Locally, in areas south of the
Green Mountain-Gol d Mountain upland, the till contains basalt
fragments derived from the Tertiary volcanics forming those
hills. In areas adjacent to outcrops of the Blakeley Formation
fragments of those sedimentary rocks are incorporated in the
till.

Vashon till is normally unweathered and fresn in
appearance in most exposures, with no chemical or mechanical
decomposition of individual companents, although in places
springs and ground-water seepage have given the till a rusty
oxidation coating.

Vashon till is overlain in some broad upland areas by
a few feet of ablation till—the part of the glacier's rock load
depasited as the ice melted. [t is less compact than the basal
till and many of the finer particles of silt and clay have heen
washed away by meltwater. Large upland areas, such as the
Tahuya peninsula of the western upland and the western part
of the southern upland, are overlain by ablation till deposits
of loose, unsorted, coarse gravels (Fig. 21), and occasional
erratic  boulders (Fig, 22),

Recessional Qutwash

Vashon recessional outwash occurs in the report area
chiefly as a mantle of sand and gravel lying on the till (Fig.
23). Inmany places these deposits are not sufficiently thick
or extensive to map and have been included with the Vashon
till. Thicker depasits accur in several meltwater channels and
depressions in the uplands and were separated into two units
consisting of recessional gravels(Qur) and recessional sands
(Qurs), the latter including Sceva's Gorst Creek outwash
(1957) and probably including some Colvos Sand.

The Gorst Creek outwash was named by Sceva (1957}
to include a deposit of fine-grained, well bedded sand that
accumulated in the Union River-Gaorst Creek valley during the
waning stages of the Vashon glaciation. The sand was evi-
dently deposited under quiet water conditions and covered many
large blocks of Vashon ice. Subseguent melting of the glacier
fragments resulted in the development of kame and kettle topog-
raphy, and local slump-deformation of the strata.

As discussed earlier, the recessional outwash sands as
they occur in broad upland valleys are difficult to distinguish
from the undetlying Colvos Sand and,as mapped on Plate 1,
the names of the two units may in some places he interchance~-
able. Likewise, the coarse, poorly bedded recessional outwash
gravels are in many places indistinguishable from the ablation
till and are mapped with the till on many upland areas.

Younger Clay

Exposed only in a few places in the Kitsap Peninsuia
area is a well stratified unit of clay which is believed to have
been deposited in glacial Lake Rugsell (Bretz, 1913) at the
close of the Vashon glaciation. The 4- to 6-inch beds of buff
to hlue-gray clay overlie Vashon till and recessional outwash
deposits. Although found as high as 100 feet above sea level
in small isolated exposures throughout the report area, this
younger clay has heen mapped on Plate 1 only in the Ora Bay
area of Anderson Island and near Hansville in the northern
part of the Kitsap Peninsula.

Recent Alluvium

Sedimentary materials continue to be deposited through
the present day. Postglacial depressions and ponds have been
the sites for deposition of silt, clay and peat. Streams have
deposited sand and silt in valleys and acrass growing deltas at
the heads of numerous Puget Sound embayments.

a, Deltaic bedding in recessional outwash over-
lying till.at 22/2W-18P in bluff along Hood
Canal,

b. Recessional gravel strata distorted by slumping,
roadcut at 23/2W-7F.

Figure 23, VASHON RECESSIONAL OUTWASH
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Table 2. A SUMMARY OF STRATIGRAPHIC UNITS OF PLEISTQCENE AGE IN THE KITSAP PENINSULA.

Map . o i Thickness o .
Symbol Stratigraphic unit Character and extent in faet Water-bearing properties
Discontinuous bodies of unconsoli- May yield small to moderate
Qe recessional dated silt, sand, and gravel. 0-100 supplies of ground water for
outwash Deposited by meltwater of Vashon domestic purposes where deposits
glacier, have considerable thickness.
5 Extensive till sheet which manties Essentially impervious, but may
vt é Gl ’"FSF of 'upland areas. Till varies 0-80 yield srlnall supplies of perched
= greatly in compaction and com- ground water.
= position.
{ Qiscontinuous hodies of unconsoli- Yields moderately large to large
Q ? d dated silt, sand, and gravel. 0-50 guantities of water where deposits
va A ‘fﬂ”cf Deposited by meltwater streams extend below water table.
outwash from advancing Vashon glacier.
|
! Principally stratified sand. Contains Primary formation presently utilized
: irregular lenses of fine gravel, and by dritled weils where base below
Qe i Coivos thin strata of clay and silt, Under~ 0-300 water table. Sand yields domestic
| Sand lies Vashan Drift throughout most guantities; gravel strata yield
: of Peninsula. moderately large quantities.
iingined Poorly bedded, pebble to cobble Domestic supplies obtained from
Qg stayel gravels. Primarjly rust-stained, 0-400+ unconsolidated gravels near sea
some decamposed, some cemented. level in Tahuya area of Hood Canal.
Includes silt and peat beds.
Principally well-bedded silt and clay, Gravel lenses yield small quantitiesf
QK Kitsap with occasional lenses of sand and 0-200+ of water, but formation “%’m?,”‘{ g
Formation aravel. In places contains peat heds. low permeability and yields little
of no ground water.
Principally stratified sand and gravel. Yiclds Jarge quantities of ground
Salmon Springs(7) May be stained buff or orange= 0 water, frequently under artesian
Qss . ; : -300+
Drift colered in outcrop. Contains some pressure.,
silt, clay and Lill strata.
Principally massive blue clay and Clay, silt and till strata yield little
pre-Salman silt. Deformed in most places. Con- ar no ground water, Gravel may
Opu Springs(?) deposits, l;m; till, volcanic ash, peat or 0-600+ yield small to maderate quantities.
- ; . lignite, sand, and some gravel strata. Successful wells are few,
undifferentiated g
Top of formation usually below sea
level,
GROUND WATER QCCURRENCE QF GROUND WATER WITHIN
STRATIGRAPHIC UNITS
The general features of ground-water occurrence, TERTIARY ROCKS
including a definition of ground water and a discussion of the
water table, unconfined and confined ground water, ground- Volecanic Rocks
water recharge and discharge, hydraulics of a well, and -
salt-water contamination are given on Plate 2. Owing to their dense and extremely impermeable character

the voleanic rocks are not important as aquifers and no wells in
the report area are known to develop adequate supplies of ground
water from these rocks.
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Sedimentary Rocks

Many deep wells have been deilled inlo the sandstone,
shale and conglomerate of the Tertiary Blakeley Formation,
but most of these have been unsatisfactory as o yield and
guality of water shtained., Two wells deilled by the U.5, Navy
at the south end of Bainbridge Island penetrate this formation.
Well 24/2E-10R, 1700 feet deep, reportedly yielded gnly
small quantities of saline water, Well 25/2E-36N,. 1403
feet deep, yvielded less than 15 gallong per minute with several
hundred feet of drawdown, and the water was of poor guality.
Wells drilled near the Watauga Beach community at Point
Glover have experienced:- similar results, Well 24/2E=9¢G,
400 feet deep, had a drawdown of mere than 200 feel in 12
hours of pumping only 24 gallons per minute, and thé water
was also undesirably high: in mineral content. Well 24/2E~
9L, 184 feet deep, flowed several gallons a minute but the
water was brackish and not usable. Several other wells in this
area produced harely minimum domestic supplies, although
well 24 /2E-9M, 200 feet deep and entirely in the Blakeley

Formation, produced sufficient water to supply several families.

QUATERNARY ROCKS

Pre~Salmon Springs(?) Deposits, Undifferentiated

These gediments are not notmally to be considered an
important source of ground water in-the Kitsap Peninsula
hecause of their genevally low permeability. A few wells
drilled into the coarser sediments at depth have produced
modérate to large guantities of water; hawever, the casings of
several of the deep wells are perforated in so many horizons
that it is uncertain whether water 15 heing obtained from these
older materials or from overlyving aguifers, Qwing to the
ditficulty in distinguishing from well logs hetween the Salmon
Springs(?) Drift materials and the older depositz of sand and
gravel, it is not certain which of the two formations might be
producing the main water supply .

Deep sand and gravel strata interbedded with clay and
silt are the chiel aguifers in these older materials; some are
reported to ocowr as much as 1000 or more feet below sed
level, Wells developing watér from these aquifers generally
have low specific capacities and in many cases sand flawing
into the wells is a problem. However, in afew cases wells
penetrating the upper finer materials which serve as confining
layers have obtained water under artesian How conditions feom
the deeper coarsergravel materials, Such flawing wells have
been dritled near Burley at-22/1E-1IN, 114, and 12D, two
of which flowed several hundréd galions per minute when
drilled. Flowing wells were also drilled near Keyport at 26/
1E-36N, and along the sharés of Sinclair Inlet in the
Bremerion-Port Orchard=Annapolis area (wells 24/1F~238
with a flow of 20 gallons aminute, 24/1E-25E with.a
pumping capacity of 1700 gallons a minute, and 24/1E-33L
with & pumping capacity-of 3000 galions a minute), Several
wells that were perforated in only the deeper horizons (wells
24/1E-25K and 36F) vielded several hundred gallons a
minute-at the time of drilling but the vields soon diminished to
the extent that the wells were no longer usable.

The construction of deep wells in the pre~-Salmon
Springs(7) deposits, undifferentiated, entails considerable
risk of failure as the formation is principally fing-grained,
the permeable stratd are not continuous and sustained produc-
tion can be developed only in aguifers that have free access
to-averlying formations. It is advisable to thoroughly test for

yield all overlying permeable materials belore attempting to
deill deeper inta the older sediments,

Salmon Springs(?7 )y Drift

Because the coarse aravels of the Salmon Springs{ 7)
Drift lie ator slightly above seéa fevel and helow the regienal
viater table inmost of the Kitsap Peninsula, it is-probably the
most important potential source of ground-water supplies for
future development i1 the report area. Lying below the fine-
grained Kitsap Formation, it is also capable of yielding large
quantities of artesian ground water.

Amang the wells which show capability of yielding
large: supplies of ground water from the Salmon Springs(?)
Drift are those listed below:

21/2E-8C: Town of Gig Harbar; 340 gpm from 200
feet below sea level,

22/1E-12N: E. Black, near Burley; 600 gpm artesian
flow from 200 feet below sea fevel.

24/1E-5E: Erland Point Water Comipany; 500 -gpm from
30-150 feet helow sea Tevel; initially had artesian
flow,

24/2E-7D; North Perry Water District; 800 gom fram
B0-60 feet below sea level.

26/1E-32M: U.S. Navy Ammunition Depot; 550 gpm
from 75-300 feat below sea level,

2772E~TA; Townof Port Gamble; 150 gpm from 100
feet helow sea level,

Az noted under the discission of the pre-Salmon
Springst7) deposits, undifferentiated, some of the ahove
listed wells may also be obtaining water from these older
materials, of fram both formations.

Kitsap Formation

The characteristically fine-grained sediments that com~
pose most of the Kilsap Formation make the sequenceunim=
portant as-an aguifer. However, the impermeability of the
formation makes it important as an aquiclude, both as a base
for perched, unconfined ground water-and as a confining layer
above the Salwon Springsl{?) 0rift gravels, The relatively
thin and discontinuous sand and gravel fenges in the formation
will-vield-small supplies of ground water, but theelay and it
strala vield little of o water,

in inland areas the Kitsap Foriation's relationship with
undertying riaterials must be inferred only from deillers’ logs ,
and itis usually impossible to differentiate between the sands
and gravels of the Kitsap Formation and similar materials in
either-the Salnon Springs(7) Drift or the pre-Salman Springs(?)
deposits. Likewise, where the finer materials of the Kitsap
Formation directly averlic the fijer materials of the pre=~Salmon
Springs(?) deposits, it is difficult to separate the twoforma~
tions, Where these fine materials grade together to form a
thick sequence, wells may be drilled to considerable depth
without successfully penetrating any coarse water~bearing
sands and gravels, For that reason some risk is involved in
drilling through the Kitsap Formation in search of the under=
Iying Salmon Springs{?) Drift aguifers. Generally, if the
Salmon Springs(?) Drift is present, it isysually éncountered
within 70 to 150 féet below the top of the Kitsap Formation,
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Unnamed Gravel

The unnamed aravel is the primary aguifer underlying the
beachfront properties along Hood Canal in the Tahuya area,
Here the gravel has vielded domestic suppliesto wells drilled
to depths of 30 to 40 feet, with the water tevels standing
slightly above sed level. Salt-waler contamingtion in this area
cauld pese:a problem if wells were pumped at excessive rates.
The rust-stained. appearance of the gravel in many expostres
suggests that ground water derived from the formation may con-
tain undesirable amounts of iron.

YVashon Drift
Colvas Sand

The Colvos Sand is the most widely developed source
of ground water for domestic supplies i the report-area, with
the coarser sands and gravels fotiing the chief aguifers, The
regional watey table Hes above the base of the formation in
most places and most wells.obtain water under unconfined
water-table conditions. Locally, intethedded clay and sili,
and overlying tifl serve as confining and perching strata-to
small bodies of ground water.

The typical domestic well obtaining water from the
Celyas Sand hasa 6-inch open-bottom casing, is drilled toa
depth of 100 to 150 feet, and will produce 1510 20 gallons
aminute. Proper séreéening and development of such wells
may result in production of 50 or more gallons a minute.
Among wells that show capability of vielding moderate to
ldrge supplies of ground water from the Colvos Sand are the
fallowing:

21/2E-21C, Westhridge Estates Water Company; 300
gim from 255-foot well.

22/1W-114: Union OH Company; 200 gpm from 352~
fout well,

23/71W-11J; WKitsap County Airport; 200 gpin from
150-foot well; abandened after spring supply
located nearhy.,

23/2W-13H: State Department of Institiitions; 250
gpm fronr- 180 <footwell; drilled to 210 feet but
pulled back and fitled to 180 feet.

23/1E-7D: Sumnyslope Water Assn.; 200 gpni from
220~foot well.

23/1E-144A; C. Sowa; 100.gom fram 145-faat well,

Advance Qutwash

Vasheon advance outwash degosits are highly permeable
butusually cccur above the regional water table, Where these
materials-occur in congiderable thickness and extend below the
water table moderately large supplies of ground water may he
chtained, Where till overlies these saturafed materials, con-
fined ground water may also beobtained. In the till-mantled
Clear Creek valley north of Silverdale several wells tap con-
fined ground water zones {n the advance outwash sands and
gravels.

Tili

Because of its compact, dense, and highly impermeable
character, il cannot be considered as g water-bearing unit

except where more permeable sand and gravel leuses goour
within it. Wells tagping such limited agquifers are usually

“targe diameter dug wells, useful only for small domestic

supplies; and frequently such wells gg dry during the late
summer months,

The primary value of the glacial tl] is.in its serving as
an impermeable base for perched ground water bodies and as
an impermeable cap for confined ground water, Where the till
Ydrapes™or caps 4 stoping upland surface it alsoreduces the
[oss of ground waler to springs,

Recessional Qutwash

Whsre the recessional gutwash deposits ocour incon-
siderable thiskness and areal extent in-upland vatleys, small
ko moderate supplies of ground waler may be obtained. In
slaces where the coarser sands and gravels extend below the
regional water table, they are capable of vielding moderate to
large supplies. The fine-grained character of some deposits
prevent them from being highly productive; these sandy deposits
are found in the vallevs of Union River, Garst Creek, Olalia
Creek, Long Lake, Curley Creek, Burley Creek, Blackjack
Creek; and Minter Creek., Small domestic supplies are
ohtained from large diameter wells dug into the saturated
portions of these sands,

The recessional outwash also occurs in local-depressions
on the undulating surface of the Vashon till, and perched ground
water aceumulates and s available from shallow dug wells,
Because such perched aquifers are limited in extent and storage
capacity, the water levels novmally exhibit 2 marked seasonal
fluctuation, and many such aguifers become denleted during the
late summer months,

Younger Clay

As the younger clay s usually found above the water
tahle and is highly impermeable, 16 iz of no importance as an
aquifer inthe report area. Moreover, hecause it mantles the
surface in a few low bank shorelineg areas, the clay tends to
unpede the downward percolation of precipitatian to the under~
lying aguifers,

Recent Alluvium

Except where the water tahle intersects these materiais
nearground surface adjacent te streams and lskes, Recent
alluvial deposits are of little importance as aquifers. However,
deperiding tpon focal characteristics of permeahility, alluviom
influences the rate of downward percolation of precipitationto
the local water table,

AREAL OCCURRENCE OF GROUND WATER
GENERAL

Plate 2 shows the location of wells on the Kitsap Penin-
sula and certain-adjacent islands on which information on well
yields and water levels has been obtained from drillers' logs
arid well canvasses of the area, The well locations are desig~
nated by symbols identifying them as dug or dritled, and
signifying whether or not a well log is availahle, The numerals
keside each well describe either (1) the altitude of the water
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level above mean sea level and the pumping capacity in gallons
ger minute, or (2) the land surface altitude above mean sea
level of flowing wells and the flow in gallans per mingte.,

Appendix A tabulates information anly onwells used
as a hasis for the develaptent of the diagrammatic cross
sections shown on Plate 1. information on all other wells
may be obtained from the State Division of Water Resources,

As nated on Plate 2 there are large areas for which well
information isnot available, It may be presumed that these
argas are either (1) lavgely unpopulated, €2) served by shallow
dug well s'which supply onily the winimum domestic needs, (3)
supplied by surface springs or streams; or (4} served by large
community water systems,

The development of an extensive regional water tahle
heneath the Kitsap Peninsula is precluded by the high degree
of dissection of the Jand. The ground-~water table henedth each
neninsula and island has as its base level the surrounding
mavine waters. Along the shorelines of the peninsula the water
tahle is near sea level while farther inland it rizes and roughly
parallels the topography of the oland aréas, rvizing heneath
hills and dropping near (akes and stream valleys. Locally,
perched ground-water hodies-will be found at higher altitudes
where the till capping has ¢reated a relatively impermeable
hase underlying nockets of recessional sande and gravels.
Such aquifers-are usually tapped hy shallow dug wels and
supply the-minimum domestic requirements of many of the small
farmsteads which occupy the uplands.

The following discussion describes the general areal
distribution and availability.of ground-water supplies in the
various provinges of the report avea. Tables 3 through 9 list
those wells within the separate provinces that have been tested
by drillers to be capable of produeing moderate to large supplias
of ground water. Besides listing the general area, well number
{see Fig. 93, and name of owner or tenant, the kabulatisn
presents the fellowing information:

Altitude: altitude of ground surface at well, in feet
above mean sed level,

Depth and Diam.: depth of well in feet, and diameter
in inches.

SWL: static water tevel in well befare pumping,
measured in feet below land surface.

Dd: drawdown in feet of water level during pumping .

Yield gpm): gallons per minute yield of pump.

Capacity {gpm): estimated potential yield in gallens
per-minute.when 2/3 of available drawdown is
utilized.,

NORTHERN UPLAND

Small to moderate supplies of ground water are chtained
from sand and gravel aguifers in the northern upland. As pre-
cipitation decreases toward the northern pait of the Kitsap
Peninsula{Plate 43, annual recharge to the aguifers algo
decredses.

Most of the wells in the vicinity of Foulweather Bluff,
at the extreme northern end of the report-area, obtain water
from. sand and-gravel aquifers which are csually penetrated at
alkitudes cloge to sea level, A 1206-~foot gas test well was
drilled at 28/2E<17M and penetrated mostly sand and clay
except for a gravelly zone from 740 to 772 feet. Many of
the sand zones above this gravel zone were water-bearing.

Water fronr most of the wells in this area is high in
dissolved mineral matter, and same has an unpleasant taste.

i general, the deep wells located on upland areas
must fivst penetrate the till and underlying deposits belore
reaching the Salmon Springs(7) Drift sand and yrave| aguifers
at or near sealevel. Otherwise shallow dugwells may supply
small quantities from local bodies of ground water perched on
the i,

In the Kingston area ground-waker withdrawals are
chitefly fromr shallow domestic wells dug intothe 8l or under-
Iying materials. Deeper wells indicate thie area o he underiain
primarily by sand and silt., Well 27/2E-25N 4t the Kingston
Ferry dock was drilled to adepth of 298 Teet-in fine-grained
sediments and obtained water from a &-foot sand stratum be-
tween 266 and 272 feet. Finished with a 0,010=inch slot
screen; the well tested at about 50 gallons per minute which
shows the capability of an efficiently constricted well i this
drea.

The water talile ts usually shallow beneath the lowland
areas n-and adiacent to Kingston, but lies-more than 100
feet henedth some of the adjacent uplands. Several wells per
farm may be required to obtain ground water in quantities
suitabile for irvigation inthis area,

Other than from shallow dug wells, most of the domestic
supplies in the northern upland. are ohtained from the several
streams and spring zones losated i the major upland valleys.

CENTRAL UPLAND

Records af wells on much-of the central upland indicate
that the materials underlying the till aré generally fine grained,
with sand strata forming the principal aquifers. Adeguate
screening or perfaration and efficient well construction are
required far develomnent of ferigalion of other lafge suppligs
from agquifers beneath this upland,

Tertiary sedimentary rocks of the Rlakelsy Formation
are exposed above sea level south of Tracyton, and this belt
of imperineable rocks extends heneath-the southern end of
the central upland, For this veason large supplies of ground
water cannot be found at great depth in this area.

BAINBRIDGE ISLAND

Except for Tertiary bedrock underlying the southem
part of the Fort Ward peninsula, Bainbridae isfand is under-
lain by Pleistocene sands and silts with miner amounts of
gravels. {n most places-on the upland these deposits are
averlain by a thick mantle of Vashion HH. Most of the individual
domestic supplies onthe island are obtained from shallow dug
wells tapping perched ground water above the till, Deeper
drilled wells are generally finished with spen-bottom of per-
forated casings, ohtaining water from coarser sand and gravel
strata of the Colvos Sand. Ingeneral, the more permeable
aquifers.are found at depths of less than 200 feet below sea
level. Several wells have yielded moderate to large supplies
at greater depths, but the available stratigraphic data indicate
that considerable rigk is involved in attempting such develap-
ment. Thewater level is shallow tn most wells, seldom
exceeding 100 feet below land surface.

Mast wells drilled in the Eaaledale district at 25/2E~
35 obtain water from sand strata of the Colvos Sand near sea
level, These materials yield supplies sufficient for domestic
requirements, although it ismot known whether or not they are
capable of yielding adequate-water for irrigation purposes,
Depths to water focally exceed 100 feest.
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Table 3. WELLS ON THE NORTHERN UPLAND CAPABLE OF PRODUCING MQODERATE TO LARGE SUPPLIES
OF GROUND WATER.
| Yield C it
General area | Well Number Qwner/Tenant Altitude Des:l;n?fld SWL Dd (gl:m) ?:;ﬁ; 4
Hansville 28/2E-16J R. Randell 10 132 x 6 3 9 40 250+
22B U.S.C.G. 80 109 x 6 76 - 50 m———
32G Cliffside Develop- 100 120 x 6 92 10 50 50
ment Company
Port Gamble 27/2E-TA Pope & Taibott, Inc. 40 169 x 10 56 66 100 120
Lafall 27/1E-14P Jensen, Richards, & 50 126 x 16 35 42 60 80
Qlhava, Inc.
Kingston 27/2E-25D1 Kingston Water Users 260 60 x 24 0 17 65 150
Corp.
2502 U.S. Corps of 260 295 % 6 230 24 20 40
Engineers
25N State of Washinaton 5 298 x 8 —— ———— 50 —
{ferry dock)
Indianola 26/2E-10R1 120 70 x 8 0 35 | 35 50
10R2 120 260 x 8 90 120 | 24 24
Suguamish 26/2E-16P Suquamish lmprove- 120 150 x 8 10 15 j 25 200
ment Co.
Poulsho 26/1E-13C 360 248 x 6 11 5 22 300+
14G 60 120 x 6 + m——— 60 |(Flowed 60}
26/2E-18D 365 284 x 6 115 35 125 400
30M 200 208 x 8 174 15 250 350

Wells in the Winslow area at 25/2E-26 & 27 abtain
water from sand and gravel strata generally encountered at depths
of less than 200 feet; many of these aquifers are capable of
yielding small irrigation supplies.

Several wells on the upland in the Seabold area at
26/2E-33 have failed to obtain adequate supplies for even
domestic requirements owing to the fineness of the materials
encountered. However, since maost of the unsuccessful wells
bottomed at altitudes above sea level, the character and water-
bearing properties of the materials lying below sea level are
not known, Many wells located at low altitudes around the
margin of the upland have obtained satisfactory supplies from
sand and gravel strata within the first 100 feet helow sea
level; if these aquifers extend below the upland, they could
he tapped by deeper wells on the upland.

Tertiary rocks of the Blakeley Formation undetlie the
southern end of Bainbridge Istand. These relatively imper-
meable, well consolidated sedimentary rocks are found exposed
in the south half of the Fort Ward peninsula and along the
lower slopes overlaoking Biakely Harbor. Wells dug or drilled
in these areas ohtain only meager supplies of ground water for
domestic use, in most cases the water being ohtained from
averlying Pleistocene sands and gravels filling depressions in

the bedrock surface. In the northern part of the Fort Ward
peninsula, two or three welis have penetrated sufficient thick-
ness of sand anc gravel strata to provide moderate supplies

of ground water.

WESTERN UPLAND

Generally, ground-water development on the western
upland has been for domestic supplies, most of the wells
being shallow dug wells that obtain perched ground water from
the till or overlying outwash materials. The deeper drilled
wells penetrate the titl and obtain water from the underlying
Colvos Sand or older formations, Several large-capacity wells
have been drilled at the U.S. Naval Station at Bangor, and
at the U.S. Navy base at Bremerton.

The Camp Union area is a small, sparsely populated
district in the central part of the western upland at 24/1W-5,
6 and 7. The land surface is mantled by 30 to 40 feet of
tilt, with most drilled wells passing through the till to obtain
water from the underlying Colvos Sand within 150 feet of land
surface, Although these wells now yield only domestic supplies,
they are probably canable of yielding laraer supplies with proper
development,
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Table 4. WELLS ON THE CENTRAL UPLAND CAPABLE OF PRODUCING MODERATE TO LARGE SUPPLIES OF

GROUND WATER.

f iel C it
General area | Well Number Owner/Tenanl Altitude Degti ;I: f‘d SWL Dd 2(91:;1?) ?gg:}::)y
Scandia 20/16-275 | [(BNEFEEE a0 26 %6 0 5 30 | 320
Keyport 26/1E-36M U.S. Navy 20 1036 x 12~ + 50 1750 1750+
22
Silverdale- 25/1E-16J 200 206 x 8 99 7 25 250
Dyes Inlet 21B 50 70 x 6 27 6 22 100
28R 20 92 x 6 23 7 25 150
Gilbertson 25/1E-24H 15 274 x 8 + 20 250 1500+
Meadowdale 25/1E-25M 230 143 % 6 70 3 50 450
E. Bremerton| 24/1E-IR N. Perry Ave. Water 3320 419 x 12 110 8l 750 750+
Campany
24/2E-7D N. Perry Ave. Water 320 480 % 8 98 112 412 800
Company
Tahte 5. WELLS CAPABLE OF PRODUCING MODERATE 10O LARGCE SUPPLIES OF GROUND WATER ON
BAINBRIDGE ISLAND,
!
)
| ! ield acit
General area | Well Number Owner/Tenant Altitude Desitgn? .nd SWL Dd ?’c;;,l,:) C?::p‘;; 4
Manzanita 25/2E-17¢C U.S. Navy 155 910 x 6 100 45 30 200
Bay
Winslow 25/2E-26H 125 168 x ? ———- ——— 100 families"
26N Federal Housing 20 163 x 12 0 100 40 40
Authority
26P Commercial Ship 10 761 x 8- + ———— 300 ————
Repair 43
Fort Ward 24/2E-108B _ 180 98 x 12~ 35 == 60 60
8

In the Holly area on Hood Canal, data obtained from
twe deep wells indicate that the area is underlain mostly by
fine-grained materials. Wel 24/2W-17R in the Anderson
Creek valley was drilled to a depth of 394 feet, and only a
small supply was obtained from the fine-grained sediments
that occurred at 28 feet and below. Well 24/2W-19A, 184
feet deep, also penetrated only fine sediments which were not
very productive. In this area it appears that wells are drilled
at considerable risk of failure. Since numerous springs issue
along the upper surface of the clays which crop out along the
valley slopes and the slope to Hood Canal, it would appear that

such sources of surface-water supply would be the mast reliable.

Littte information is available on ground-water conditions
in the shoreline area of Hood Canal between Holly and Musgueti
Point (22/3W-138N). A few isolated homes and summer cabins
are located near beach level or on bluffs overlooking this largely
undeveloped part of the western upland. Water supplies here
have been dependent upon local springs and small intermittent
streams that drain the upland above. The unnamed gravels that
form these biuffs are generally coarse and porous and, with few
observable till or clay strata to impede downward percolation
of precipitation falling upon the upland, it appears that these
materials are essentially barren of ground water until saturation
af the gravels is attained near sea level.
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Table 6., WELLS CAPABLE OF PRODUCING MODERATE TO LARGE SUPPLIES OF GROUND WATER ON THE
WESTERN UPLAND.
Depth and Yield Capacity
General area | Well Number Owner/Tenant Altitude egiam. SWL Dd (gpri) (ghm)
Lofall 27/1E-33N1 120 200 x 6 142(7) 17 25 50
o 33N2 - 120 260 x 6 132(7) 15 13 100
Bangor 25/1E-6D U.S. Navy 320 207 x 8 127 15 35 100
26/1E-32K U.S. Navy 295 690 x 18- 228 82 350 1500
3
32L U.S, Navy 295 165x8 129 2 30 300
32M U.S. Navy 300 700 x 10 ——— ——— 550 (reparted yield)
Seabeck 25/1W-20D 95 190 x 6 g0 10 30 150
Scandia 26/1E-27) 5 86 x6 0 5 30 350
Chico 24/1E-5E Erland Point Water 120 251 x 12 ks 42 500 500
Company
Kitsap Lake 24/1E-178 Harlow & Burke 170 363 x6 90 20 50 450
Bremerton 24/1E-23E U.S. Navy 30 2000 x ig- s 50 1500 ————
Union River 23/1W=3N _ 160 94 x 6 52 10 24 75
Hood Canal, 22/2W-1C 10 42 x 6 10 12 100 100
east arm 9K Clifton Beach Coop. 10 71x6 27 18 1800 | 1800+
Water Assn.
Upland, above| 23/2W-13H State Dept, of 400 1830 x 6 141 15 125 250
Hood Canal Institutions

From Musqueti Point to Tahuya and beyond, along the
cast arm of Hood Canal, extensive development of waterfront
property has increased the demand for ground water. Ground
water is being obtained from 30~to 40-foot wells drilled into
the unnamed aravels and Vashon Drift sands and gravels.
Water levels in these shoreline wells stand slightly above sea
level and it must be expected that excessive withdrawal from
such shallow wells may result in saline contamination.

In the Seabeck-Warrenville area on Hood Canal, ground
water has been obtained mostly from small diameter drilled
wells which penetrate the till and tap aquifers in the under-
lying Vashon advance gravels and Colvos Sand, Some wells
obtain artesian flow where the till has served as a confining
layer above the underlying sands and gravels, Well 25/1W-
14F near Warrenville penetrated 208 feet of clay and silt
and was eventually abandoned.

The Scandia area, a small farming and residential
community located along Liberty Bay in the northern part of
the western upland, is mantled by till up to 60 feet thick.
Ground-water supplies are obtained mostly from shallow dug
wells, although a few deeper drilled wells have produced
domestic supplies. Wells 26/1E-27J and 34C penetrate as
much as 138 feet of clay beneath tiil heforethe deeper gravel
aquifers are reached,

SOUTHERN UPLAND

Present ground-water development in the southern
upland is primarily for domestic purposes. The water table
is within 100 feet of land surface in most places except
the uplands adjacent to Puget Sound or deep valleys where
the water level is lowered by spring seepage along the slopes.
Alang the shorelines of Puget Sound the water table [ies
slightly above sea level; similarly along the drainage courses
the water table usually stands stightly above the level of the
streams or fakes. The aquifers are chiefly in Pleistocene
sands and gravels, except at Paint Glover, where small yields
have been obtained from Tertiary sedimentary rocks.

Several large-producing municipal supply wells have
been drilled along the south shoreline of Sinclair Inlet in the
Port Orchard-Annapolis area. Most of the wells penetrate
sand and gravel materials underlying the Kitsap Formation
clays and most tap confined aguifers in both the underlying
Salmon Springs(?) Drift and pre-Salmon Springs(?) deposits,
undifferentiated. Several wells here have artesian Flows of
over 100 gallons a minute, with well 24/1E-25E (City of
Annapolis) having a flow of 750 gallons a minute recorded
in 1949 and well 24/1E-25M (City of Port Qrchard) reported'y
having a flow of 400 gallons @ minute. On the upland south
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Tabie 7. WELLS CAPABLE OF PRCDUCING MODERATE TO LARGE SUPPLIES OF GROUND WATER ON THE
SOUTHERN UPLAND.

General area | Well Number Owner/Tenant Altitude Degitgma fld SWL Dd Z;:;:; C.(a;;:‘;ty
Port Orchard- | 24/1E-25E1 Annapolis Water Dist, 35 1133 x 10 +3 55 1700 1700+
Annapolis 25E2 Silver Springs 16 314 x6 + weme 1130 Flow ————

Brewing Co.
25G Federal Housing 120 1005 x 24 -——— -—— 350 ———-
Authority
26K Town of Port 100 792 x 10- 35 42 620 2000+
Qrchard 5
33K City of Bremerton (several wells here, averaging aboul 50 feet elevation, depths of
245 to 587 feet, all flowing, with well capacities of 800 to
over 2000 gpm,
33L City of Bremerton 25 622 x 16 + 68 1080 2000+
24/2E-31A Annapoiis Water Dist. 350 1006 x22- 223 91 225 15004
16
Point Glover | 24/2E-161C U.S. Navy 25 136 x 18 5 33 400 1060
l6L Watauga Beach 60 141 x 8 47 25 205 60C
Community Water Co.
Manchester- | 24/2E-15P U.S. Navy 63 353 x8 53 57 200 €00
Yukon Harbor 15N U.S. Navy g2 305 %12 79 52 60 200
220 Manchester Waler 15 116 x 7 11 15 150 1000
27M 40 1060 x 6 + 25 48 150
33H 20 1324 x ? + --=- A00 Flow ————
334 Manchester Water 20 185x12- + 43 420 1500
District §-6
Bethel 23/1E-1G 330 34 x 36 22 % 5 200
14A 280 145 x 6 93 7 22 100
21 390 101 x6 [ 0 40 100
17Q Preshytery of Seattle 440 83x6 57 5 20 100
Sunnyslope 23/1E-7D uniy sl ater Dist. | 220 220 x 8 142 28 110 200
23/2E-7G 160 132 x 8 91 "Q“ 22 1004
23/1W-11J Kitsap Caunty Airport 430 150 x 48 115 b3 75 200
Qlalla Creek |[23/2E-33F 390 70 %6 6 i2 27 100
Valley
Buriey Creek [22/1E-1P 130 638 x 8- 8 40 50 400
Valley 6-4
aK 280 99 x 6 3 20 32 100
148 65 122 x 6 28 5 24 300
12N 20 220 x 6 + --== 1600 Flow =---
15M 245 i99x8 124 56 200 200
23E 250 169 x 6 10 5 7 120
23K 10 49 x 6 26 3 24 100
24C1 Peninsufa School 80 153 x 6 33 45 60 150
Dist. 401
24C2 35 105x6 - ---- [ 60 Flow] ===~
24F 40 151 x6 4 30 40 150
22/2E-17M 345 124 x6 107 1 20 250
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WELLS CAPABLE OF PRODUCING MODERATE TO LARGE SUPPLIES OF GROUND WATER ON THE

Table 7. !
SQUTHERN UPLAND. (continued)
. Depth and Yield Capacity
General area | Well Number Owner/ Tenant Altitude Dian. SWL Dd (gom) (gpm)
Gig Harbor- 21/2E-5K Harbor Springs Water 70 156 x 10 46 24 40 120
Crescent Company ) ] L
Creek valley | 22/2E-32G 85 175 x6 & 100 Flow
an of Gi ' 20 120 % 10 + 75 400 {(Flows
32P Town of Gig Harbor i

of Port Orchard some difficulty has been experienced in develap-
ing large ground-water supplies, owing undoubtedly to the wells
not heing drilled deep enough to go beneath the sands and silts
of Colvos Sand and Kitsap Formation which in this area are hot
saturated much above sea level, [t is probable that wells
deilted 100 to 200 feet below sea level would tap the more
productive deeper sands and gravels of the Salmon Springs(?)
Drift and older deposite.

Blackjack Creek valley, a few miles south of Port
Orchard, is one of the more important farming districts of the
southern upland. This upland valley is surrounded by till-
mantled uplands which rise to 200 fect above the valley floor,
The valley Floor and lower parts of the surrounding slopes are
underiain by Colvos Sand and probably some Vashon recessional
autwash sands. To date only one or two wells have been
drifled in the Blackjack Creek valley for the purpase of irrigation,
most wells being used for domestic supply or small community
systems. Most irrigation water in the valley is obtained fram
Blackjack Creck and adjacent tributaries. However, with proper
well construction and penetration into the deeper aquifers in
the Colvos Sand and Salmon Springs(?7) Drift, wells in this
area should produce 50 to 100 gallons a minute. As the water
table here lies slightly above creek level, shallow dug or
drilled wells tapping the finer valley sediments adjacent to the
streams produce sufficient quantities of water for domestic pur-
poses. Depth to water beneath the slopes rising from the valley
floor generally increases with distance from the streams.

A low divide separates the drainages of northward-flowing
Blackjack Creek and southward-flowing Burley Creek, although
both drainages tagether form a shallow north-south trending
trough. The Burley Creek valley, like the Blackjack Creek
valley, is underlain by the Colvos Sand and Vashen recessional
outwash. Here, too, ground-water development for irrigation
purposes has been small, with most irrigation water heing
supplied from Burley Creek and tributaries. In the upper Burley
Creek valley it i< probable that moderate to large supplies of
ground water can be obtained from wells drilled to depths of
200 to 400 feet and tapping the deeper aquifers of the Colvos
Sand and underlying Salmon Springs(?) Drift.

Inthe lower part of Burley Creek valley, near Burley
and Purdy, several wells, penetrating confined aquifers in the
Salmon Springs(7) Drift and pre-Salmon Springs(?) depasits
200 to 375 feet below sea level, have produced large artesian
flows. Artesian flow has been obtained from such wells located
less than 120 feet above sea level aleng the valley slopes,
with artesian pressure increasing in those wells drilled at lower
altitudes. Water obtained from these deeper aquifers has an
odor of hydrogen suifide. On the uplands hordering the Burley

Creck valley small domestic supplies are obtained from shallow
dug wells penetrating water hodies perched on the till,

Another major shallow trough lies in the eastern part of
the southern upland and is herein called the Curley Creek-Long
Lake-Qlalla Creek valiey. Beginning near Colby on Yukon
Harbor at 24/2E-33R, the valley ascends at a low gradient
southwesterly up the Curley Creek drainage to Long Lake,
beyond which a low drainage divide is crossed and the Qlalla
Creek valley descends inan equally low gradient southeasterly
to Olalla Bay on Colves Passage at 22/2E-3M. The entire
lenath of the valley is underlain by Colvos Sand and Vashan
recessional deposits, and the water table is shallow along the
valley floor, being slightiy above stream and lake level in most
places. Most of the domestic requirements of the small farm=
steads occupying the stream valleys and the waterfront homes
on Long Lake are supplied by shatiow dug and drilled wells
and by the numerous springs which issue along the slopes
adjacent to the valley floor. Ilrrigation of small farms is done
almost entirely from the crecks occupying the valleys. It is
prabable that moderate to large cupplies of ground water may
be developed threugh wells drilled into the deeper aquifers of
the underlying Salmon Springs(?7) Drift, On the uplands
adjacent to the valley, domestic supplies are obtained from
shatlow cdug wells tapping smatl local aquifers perched on the
till,

Point Glover is a rural residential area five miles north-
east of Port Orchard. Ac most of the area is underlain by
Tertiary sedimentary rocks of the Blakeley Farmation, there
has been little ground-water development there. Springs issuing
along the surface of the bedrock and draining small pockets of
sand and gravel supply some domestic requirements. A few
wells supnly two to three galions per minute, but the large
community supply systems must pipe water from wells drilled
into thicker unconsolidated Pleistocene materials a mile and a
half south of the Paint. A 136-foot deep U.S. Navy well
(24/2E-16K) yields about 400 gallons a minute, and well
24/2E-16L, belonging to Watauga Beach Community Water
Company, 141 feet deep, has a capacity of 600 gallons a
minute from these materials,

Blake fsland located in Puget Sound one and a half miles
north of Point Southworth has in recent vears been the subject
of much speculation as to the nossibility of obtaining an
adequate supnly of ground water for the requirements of Blake
Island State Park. Several test holes were drilled hefore well
24/2E-25P was drilled at an altitude of 160 feet near the
highest point on the island. The well was drilled to a depth
of 190 feet and yielded about 50 gallons a minute. The water
level staod at about 15 feet above sea level,
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Table &, WELLS CAPABLE OF PRODUCING MODERATE TO LARGE SUPPLIES OF GROUND WATER ON VASHON
AND MAURY [SLANDS.

h and Yield Capacit
General area Well Number Owner/Tenant Altitude Degit;r:'n SWL Dd (glgm) (gpm‘)y
Vashon Island | 21/2E-1M 300 183 x6 138 4 20 150
22/2E-24K 300 193 x 8 129 10 50 200
Maury lsland | 22/3E-16F Queen City (KIRQ) 60 462 x 8 55 60 40 300
Broad ing Co.

214 400 518 x b 378 ? 25 25+

22K Boise-Cascade Corp. 210 343 x 12 203 26 300 300+
23D Wise Investment Co, 400 382 x 8 338 17 30 300

31d 360 493 x ? m—— — 40 40+
32C Bard & Howard 240 423 x 12 238 80 128 200

Table 9. WELLS CAPABLE OF PRODUCING MODERATE TO LARGE SUPPLIES OF GROUND WATER ON THE
GIG HARBOR PENINSULA AND FOX ISLAND.
th and Yield Capacit
General area | Well Number Owner/Tenant Altitude Deg%am'i'n SWL Dd (g'pm) (;pm')y
Upland north 21/2E-8C iq Harbar 60 375 %18 ——— 21 340 240+
of Narrows 17K 320 397 x 8 220 5 100 500+
Bridge 21C Westhridge Water Ca. 200 255 x 8 195 7 35 150
Wollechet Bay | 21/2E-24y 10 35x6 1 19 60 70
300 40 66 x 6 28 () 20 50
30F 40 65x 6 35 25 66 50
30D Wollochet Harbor 130 193 x8 125 10 80 400
Club &
Fox Island 20/2E-6N 75 119 x8& 70 13 45 100
2Q 200 122 x¢ 62 15 40 80

Other parts of the southern upland are not heavily pop-
ulated and little information is availabie on the ground-water
potential except along the shoreline areas of Case Inlet,
Henderson Inlet and Colvos Passage. There beach homes
obtain water from spring zones located along the upper surface
of the Kitsap Formation near beach level, and from wells
drilled to depths that tap ground water near sea level. Most
are 6-inch wells that were bail-tested at 20 to 100 galions
a minule, and obt ain water From the Colvos Sand and Salmon
Springs( 7} Drift gravels. The western half af the southern
upland is largely mantled by thick deposits of coarse gravels
of Vashon ablation till and recessional outwash; these deposits
have discouraged development of the area for fannsteads and
little information is therefore available on the ground-water
potential there. The few small farms located along stream
valleys and summer homes located on the shares of small
lakes scattered across this part of the southern upland obtain
water supplies from these surface-water bodies or from shallow
wells dug adjacent to the streams and lakes.

VASHON-MAURY ISLANDS

As in other upland areas of the Kitsap Peninsula,
Vashon and Maury Islands are underiain by varying thicknesses
of Vashon Drift. The development of ground-water supplies on
these islands has been limited chiefly to shallow dug domestic
wells that supply the farmsteads not otherwise served by com-
munity water systems. A few deeper drilled wells obtain
water lor irrigation of some upland farms and for smaii aroup
domestic supplies. Drillers' records and data on pump tests
and well yields are lacking for much of the area. In a few
places on the uplands domestic supplies are obtained from
large cisterns constructed to capture rainfall from voof drain-
pipes.

Although springs have provided the primary sources of
community water supplies for Vashon and Maury lslands,
future development and residential growth of the islands will
depend more heavily upon ground-water supplies developed
from deeply drilted wells. NModerate supplies of ground water
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are probably-available to wells that tap deeper aguifers-in the
Colvas Sand and in the Salmon Springs(?) Drift. Near sed
fevel along shoreline areas water can be oblained locally from
relatively shallow wells. On the upland areas the water table
stands at-altitudes of 100 to 200 feet above sea level,

GIG HARBOR PENINSULA-FOX I1SLAND

The ugland areas of the Gig Harhor peninsula and Fox
teland are mantied i most places by Vashon till and recession-
al outwash which supply perched ground water to shallow dug
domestic wells: The till alse serves to underlie spring zones
on fheuplands. Springs also occur at the upper surface of the
Kitsap Formation exposed along shoreling bluffe, and provide
lngal domestic supplies although no large guantities of surface
water have been developed on the peninsula for community
supplies.

Dritled wells obtain water at.or slightly above sea
level along the shorelines of the peninsula and Fox 1sland.
Farther inland the water table vises and deeper wells drilled
arthe uplands tap aguifers in the Colvos Sand and Vashon
advance outwash at-elevations of 50 to 150 feet ahove sea
leyel inpost places,

LONGERANCH PENINSULA

The Longhranch peninsulais mantied in mast places by
Vashon till, with pockets of recessional sands and gravels
gverlying the tll in local depressions. Several small lakes
and marshy areas are perched an the underlying till. Some
vpldnd areas, along the highway south of Key Center dnid
the adjacent slopes leading eastward to Carr Inlet (21/1E-7)
areupderlain by a thick sequence of recessional sand and
Colvos Sand. The broad stream valley heading Whitman Cove
2 20/IW-16 and extending northward toward Hame is-dlso
composed predominately ofa thick sequence of hrown sand
that is either Vashon recessional sulwash or Colvas Sand.

Most of the water for irrigation supplies developed on
the peninsula comes from small ponds and {akes scattered over
the upland and from the few small streams that diaiii the
upland. A few marshy areas have been developed for irrigation
and stock supply ponds by carth dams. Aleng the shareline
of the peninsula local springs issuing from the upper surface
of the Kitsap Formation provide domestic supplies for-beach
homes,

Ground-water development on the Longbranch peninsula
has been limited mostly to shallow dug or drilled domestic
wells; only a few deep wells have been drilled to ohtain water
from saturated sands and gravels inthe Vashon advance out=
wash and Colvos Sand. The water table is closeto sealevel
along the shoreline but further inland it oceurs at elevations
considerably higher than sea level. Due to the lagk of deep
drilling inmost of the upland area, there is only limited infor~
mation on the availahility of ground water. However, with
the anticipated future growth of the drea will come an increasing
demand for development of ground-water supplies.,

Herron island has been developed as a residential
conmunity, . The domestic water supply is obtained from a
well drilled nedrest the highést point of the island, at the
120G-130 foot-altitude, Thewell iz 200 feet deep and has
a static water level which has been measured at, and slightly
below, sea level. This situation woidd suggest the possibility
of saltwater contaminatian, although ander present use and
aniping conditions the water is reported to be of good quality.

ANDERSON ISLAND

The small present defiand for domestic watersupplies
for beach homes an Anderson [sland has been satisifed by
small springs that issue.at the upper surface of the Kitsap
Farmation along the shoreline slopes of the island.and by
shallow dug or deilled wells that obtain ground water near sea
fevel, A few uplapd homegs obitain domestic supplies fram
shallow ground water perched on the till.

The future developmient of the waterfront properties
of Anderson Island will undoubtedly increase the demand for
ground water 45 a sofrce of watér supply. T date little
exploration has been made of the ground-water potential of
the island; however, genlogic evidence suggests that wells
drilled on the ipland should penetrate saturdated portions of
the Colvos Sand and gravels at elevations of 25 te 75 feet
abiove zea Tevel. Desper wells drilled through both the Colvos
sand and underlving Kiteap Formation should obitain moderate
to targe supplies of ground water froim gravels within the
Salmon Springs{?) Drift or pre-Salmon Springs(?) deposits,

It is.recommended that-explovatory drilling be conducted in

the central upland portions of the island to detesmine the water=
bearing characteristics of the formations underlying the Vashon
Drift.

RECORDS OF WELLS

During the course of the investigation of Kitsap County
proper by Sceva {1957) ingre than 1,200 wells were scheduled
and data for 1,146 were tahulated, Of the wells tabulated
565 were dug, 570 were drilled, 5 were jetted, 2 were bored
and 1 was driven; théee deep o1l test wells were also listed,

Information on wells logated in the Mason, Pierce,
and King County parts of the present study area was obtained
fram both weil dritlers and from drillers’ records filed with the
Division of Water Resowrces in conjunction with processing
of ground-water vights. In some areas barren of such- informa-
tian a spot-check well canvass was conducted, Many areas,
a5 shown on Plate 2, are relatively barren of data on water
fevels and well capacities due in large part to the lack of
developmient of ground water as & source of supply. Since
shallow dug wells greatly outnumber drilled, bored, and
driven wells in the study area, it is presumed that shallow
ground water is available for domestic supplies in most places,

Owing to space limitations a detailed tabulation of
well logs and pump capacities of all recorded wells has not
been included i this report; although for edch well spotted
o Plate 2 arecord is maintained in the files of the Division
of Water Resources. These records are-available upon
request, with detailed drillers' logs being available for those
wells shown by solid square or circular dot.

For those wells shown in the diagrammatic geologic
cross sections on Plate 1, a detalled tabulation of well logs
is presented in Appendix A.

GROUND-WATER DEVELOPMENT
DEEPWELLS
Except in & few notable cases, wells that penetrate
the deeper deposits underlying the Kitsap Peninsula have
been generally unsuccessful inproducing large supplies of

ground water. This is due primarily to the fineness and
general impermeability of the materials encountered at depths
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generdlly greater than 150 feet below sea level, where the
pre=Salmon Springst?) deposits, undifferentiated, are found.
In several of the more productive deep wells the location of

the chief aguifers is not known because the casings are usually
perforated at numerous harizons,

Within Kitsap County proper, Sceva (1957) kas tabu-
lated 28 wells drilled to depths of 500 feet or more, OFf these,
10 have heen abandoned owing to insufficient yield or excessive
drawdown, In three of the abandoned wells Tertiary sedimentary
rocks areknown to have been penetrated. Eighteen of the deep
wells are in use. Of these, eight-are capable of yielding large
supplies, seven vield small to moderate supplies, and-theyield
of the remaining three is titknown. The foregoing data would
infer that considerable risk is invetved in the construction of
deep wells except in areas of known production,

SHALLOW DRILLEDWELLS

Drifled weils that have meost successfully produced
around water in the report avea are those that have tapped the
sand and gravel aquifers scourring wWithin the satufated lower
portions of the Colvos Sand. The aguifers usually oceur
helow the regional water table which lies above sea level
along the shorelines and rises infand to 100 to 150 feet or
more above sea [evel. Deeper gravel aguifers within the
Salmon Springs(7) Drift also produce moderate to:large
supplies of ground water, normally fram depths at or §lightly
helow sea level, However, although the Salmen Springs{?)
Drift is usually-found below the water table and the sands and
gravels are therefore normally saturated, the presence of this
formation helow the overlying Kitsap Formation is not usually
known until drilling tests have proven its existence ina given
logation, For that reason test drilling is recommendad .

DUG WELLS

It many of the settled upland areas within the report
area minimam demestic supplics are obtained from perchied
ground watet-tapped by shallow dugwells. In most cases the
construction of such wells have not required the services of
well dritlers; -and little information on those wells has been
reported through drillers' records, However, a field caitvass
of the report area has shown that a large nart of the upland’s
domestic requirements has been supplied fram dug wells.

Such wells, owing to-penetration of the G mantle ("hardpan,
may 1ot fequire casing, but where lined they are usually cased
with three~foot diameter tile. The shallow dug wells are
novmally 15 to 30 feet deep.

SPRINGS

Many springs and seeps issuing from the top of imper-
meable silts and clays of the Kitsap Formation and Colvos
Sand exist throughout the report area. Thie silts and clays
serve as.a perching layer to the downward percolation of much
of the precipitation that falls-upon the area. The springs
provide an important part of the base flow of surface streams,
and have satisfied the domestic requirements.for both individual
homes and communities throughout the area,

WATER LEVELS

In most places in the report area, the depth to-water in
wells iswithin 100 feet of the land surface. Wells having a
greater depthito water are generally located near deepgulliss
or steep slopés ledading to Puget Sound where natural ground-
water discharge drains the shallower materials. Many of the
wells that have depths to water of less than 50 feet are
located at low altitudes or adjacent to streams and lakes in
upland valleys. Dug wells are-usually less than 25 feel deep
and are located either adjacent to streams or lakes,; orion
uplands wherethey tap small bodies of perched ground water.
These latter wells usually sxperience considerable seasonal
fluctuation of water level, such perched grount water being
aonmial 'y ehardcterized by rapid response to precipitation.

Plate 2 :shows the {ncation of wells throughout the study
area and inclodes figures (Gnbluel that give the altitude above
sea level of the water surface. Depth ta water level from tand
surface-can be calculated by subtracting these figures from the
fand surface elevation as interpolated from the topographic
contour lines shown:on .S, Geological Survey quadrangles.

The water table is not & static surface but fluctiates
due both to: seasonal ‘changes in amounts of precipitation that
recharge the ground-water body and to the amount of ground-
water-discharge, either by pumping or by variations inthe
discharge of springs throughout the year. Some wells were
measured periodically over several véars to determine the
treid And approximate annual range in Huctuation., Hydrographs
of three of these wells are shown in Figure 24 . These wells
were selected partly because they show a comparizon between
the seasonal fluctuations in relatively shallow water-hearing
zones and in deeper-aquiters. It can be noted that while the
two shallow wells have Fluctuations of up to 15 feet, the
deeper well has a fluctuation of only 4 to &6 feet. The differ-
ence-is due pritnarily to the-more shallow aguifers responding
more quitkly to the tluctiating pattern of precipitation through~
out the year and Frequently represent only perched, local
ground=water conditions, whereas the water levels of deeper
aquifers reflect the more stable cumulative effect of anmual
precipitation and represent the regional water table, 1t is also
noted that, with fncreasing depth and with all other conditions
being egual (sueh as perneahility of materials), a greater time=
lag is experienced in the response of the water table to recharge
by annual precipitation, Shallow wells will normally attain
their highest water levels within & month following the peak
of precipitation, whereas the deeper wells may not experience
their highest water levels until 3 to 4 months after the maximum
precipitation.

The period of lowest water levels occurs inthe late
autumn or early winter months. Many owners of dug wells have
found it convenient to deepen their wells during this pericd.
High water levels ocour in late winter, spring, or-early summer
months, depending upon the depth to the water table and upon
the permeahiiity of the overlying materials,

Becayse the period of low water levels in many wells
corresponds frtime with the first frost and ascumulation of
snow packs in the Cascade and Olympic Mountains, and high
water levels often comrespond in time te periods of greatest
snowmelt and runoff in the mountains, a popular misconception
has evalved claiming that-ground water in the Kitsap Peninsula
is derived from snowmelt in the Cascade and Olympic Mountains.
However, the greal depth ofthe surrounding waterways of Puget
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Figure 24. PRECIPITATION AT BREMERTON AND HYDROGRAPHS OF THREE WELLS IN THE KITSAP PENINSULA. Shows
time relationchip between precipitation and water levels in wells of varying depths.
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50 WATER RESOQURCES AND GEOLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

Sound and the general movement of ground water toward these
watetways within the repart ared preclude any recharge from
these sources. All recharge comes from precipitation falling
directly on the project area and percolating to the water table.

Studies made by Sceva (1957) of a water~table well,
a perched lake lying in a closed depression; and a stream
were compared with the monthly distribution of precipitation.
It was shown that Panther Lake (24/1W-31) and Blackjack
Creek near Port Orchard reflect an almost immediate response
to late summer precipitation, The well, However, did not
respond until several months after the rains had commenced.
The level of Panther Lake would probably correspond to
fluctuations of shallow perched ground water.

PERENNIAL YIELD

The perennial vield of an aquifer is defined as the rate
at which ground water can he withdrawn without depleting the
aquifer beyond the paint of its being annually recharged. With=
drawals in excess of that rate will cause & lowering of the
water table and, consequently, a reduction of the base Flow of
surface streams and, in places, encroachment of water of
inferior guality.

Plate 4 shows that the average annual precipitation
ot the Kitsap Peninsula ranges from less than 26 inches in
the nerthern part to more than 80 inches in the central part.
Qnly & part of the precipitation reaches the water table, and
only a part of this hecomes available for ground-water with~
drawal, Sceva {(1957) estimiated that in aréas having 25 to
30 inches of precipitation the perennial yield might be as
much as 1 acre-foot per acre per year, and in areas having
50 to 70 inches of precipitation the perennial vield will be
as much as 2 to 3 acre-feet per acre per year., However, the
foeal geologic setting, especially in the presenrice of thick
capping layers of relatively impervious U, will reduce those
estimates for many places.

At present, only a small part of the available ground
water s being withdrawn. However, the ragidly increasing
development of the Kitsap Peninsula and adjacent islands
will undoubtedly be paralleled by an increase in ground~water
withdrawal through both individual dawmestic wells and com=
munity supply wells, Accordingly, in some areas pumping
may eventually exceed perennial yield and will result in a
gradual lowering of the water tahle and, in some shoreline
areas, possible encroachment of saline waters,

ARTIFICIAL RECHARGE

As naturally-ocourring ground waters have adequately
stupplied the domestic and community wells in the report area,
there has 'heen to date no demand for a study of the possibili-
ties for artificial recharge of the Peninsula's aguifers,

In addition to a demand for additional ground-water
starage; an effective program of ground water~recharge must
reguire two principle conditions: {1)-an aquifer which is
capahle of receiving additional water at a rate that exceeds
natural ground-water discharge, and (2) an available source
of good-guality water to be introdiiced into the aguifer.

In the Kitsap Peninsula it is believed that some aquifers
would be capable of receiving additional water by artificial
recharge, especially duting the summer months. However,
large supplies of surplus water would be needed to make such
a program practical and the accomplishment of a large-scale
artificial recharge program, therefore, might not be possible
without castly import of large guantities of water from outside
the report area. Furthermore, as the strata of unconselidated,
water-hearing sands and gravels are essentially horizontal
throughout the report area, and above sea level are generally
truncated at sea cliffs and valley sides, there iz nomally a
natural loss of some of the ground water by lateral seepage,
both to siirface sprivigs and streams and fo Surrounding marine
waters, Under such conditions, additional water introduced
into certain aquifers would probably not he retained to any
extent.
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SURFACE-WATER RESOURCES

By M. E. Garling®

GENERAL

As a consequence of its highly jrregular configuration
the Kitsag Peninsula is drained by hundreds of small streap
systems., Only 12 streams in the area have surface drainage
areas thatexceed 10 square miles and most are Jess than 1
square-mite. Because.much of the region lies [n therain
shadow of the Qlympic Mountains, mean dnnual precipitation
it this area'is generally lower than that received in most other
parts.of weslern Washingten, This combination of small
drainage basins and low precipitation, in most cases, makes
it exceedingly difficult and costly to concentrate and develop
appreciable quantities of surface water, Nevertheless, many
of the streams do produce a sufficient contimious supply to
maintain the household needs of riparian owners. For this
reason and hecause of the great residential attractiveness of
the area, it appears that the majority of future surface-water
developments will be concerned primarily with small guantities
of water for domestic supplies. An effort was therefore made
in the following sections to inventory and summarize all avail»
able data on surface waters and to @nalyze all streams in the
report area regardless of size or apparent importance,

STREAMFLOW CHARACTERISTICS

SHORT-TERM VARIATIONS

Areal distribution and occurrence of precipitation, and
geohydrologic characteristics of each watershed are the two
most influential factaors controlling daily and seasonal stream=
flow variations in the Kitsap Peninsular region. Nearly all the
streams follow & seasaonal pattern of high flows in winter and
low flows in summer with transition periods in the spring and
fall. This is clearly illustrated in figures 32, 36, 40, 44,
48, 52, 56, 60, 64, 68, and 72 which show, by means
of bar graphs, the monthly range in flows that have sccurred
in several streams within the report area. The larger, short~
duration fHugtuations in streamflow which usually occur over
a period of days, almost without exception, are the result of
direct runoff immediately following storms. Figures 25, 26,
27, and 28 are selected streamflow hydrographs of some of
the larger streams in the report area, and they show that peak
discharges usually ocour during the months of Novémber
through March. After each peak discharge recedes, sub~
surface storm runoff and ground-water runoff become the major
contributors to streamflow. The ground-water runoff maintains
a base flow in streams during the usual precipitation-deficient
summer period with the magnitude of its contribution being
directly related to water storage and transmission charactet~
istics of aquifers within and around each basin,

51

The complex glacial materials found underlying most of
this area makes it difficult to determine the exact location and
extent of aquifers, but there is definite evidence that many are
continuaus beneath several drainage basins, [n somecases the
directian of ground water movemeiit.is independeént of suiface
topography, -and under such conditions; some of the precipita-
tion received in onewatershed could be transferred as ground
water in the-aquifers to adjacent of nearhy basins. If stream
channels in the-adjacent ar nearby-bhasins intercept such water-
bearing materials, some of the water will eventually be dis-
charged into their systems . This transfer of ground water from
gne basin to another obviously cccurs in many perimeter areas
along the shores of the Kitsap Peninsula and nearby islands
where small spring-fed streams often produce more annual
runoff than could he collected from precipitation within their
own topographic basin boundaries. Large contributions of
grourid water have the effect of prodiucing a relatively constant
Flow throughout the year below the area where discharge from the
aguifer ooours, Upstream from the areas where ground water is
discharged, smaller streams generally become dry after direct
storm runcff has drained from the watershed, Also, certain
streams will become completely dry at times If there is insuf-
ficient ground water in storage to maintain perennial flows.

Natural storage provided by many lakes and marshes
located throughout the Kitsap Peninsula also helps to maintain
streamflow during the summer drought petiod (able 50). Size-
able quantities of runoff water are retained in these reservoirs
and slowly released to outlet streams, Although some pregipi-
tation is received as snow during the winter months, storage
in this form s short-lived and does not have any appreciable
requlatory effect on streamfiow,

LONG-TERM VARIATIONS

Since there was no continucus~record stream gaging in
the report area prior to 1945, long~term annual streamflow
variations are somewhat uncertain, The longest streamtiow
record available for estimating past long-term trends is pro-
vided by the Gald Creek gage located about eight miles west
of Bremerton, This gage has been in continuous opetation
since 1946 and correlation studies of annual discharge among
all-major gages show that Gold Creek is highly representative

*Author of SURFACE-WATER RESOURCES section
except for parts entitled BASIC STREAMFLOW DATA and
FLOODS IN THE REPORT AREA which were submitted by the
Surface-Water Branch of the U, S. Geolsgical Survey, Tacoma,
Washington; Earl G, Bailey, Hydraulic Engineer, author,
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Figure 29, WATER-YEAR MEAN DISCRARGES FOR GOLD CREEK

GOLD CREEK
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of general trends throughout the area. A graphic representation

of this record is, therefore, presented in figure 29 as a relative
indicator of conditions during the period 1946-60. Individual

statistics showing the variability of annual runoff for this drain-
age basin and others in the area are listed in tahle 49. Insight
on annual streamflow trends prior to 1946 can be gained through
use of synthetic annual runoff ratios explained on page 109.

BASIC STREAMFLOW GATA

By E. G. Bailey, U.S. Genlegical Survey

Basic streamflow data consist of records of streamflow
coilected at gaging stations and the resulits of discharge
measurements made at other sites. The streamflow data col-
lected at gaging stations usually are published as records of
daily discharge in cubic feet per second (cfs); as monthly dis-
charge in cubic feet per second and in acre-feet; and as yearly
discharge in acre-feet. In addition, where the flow at a station
is not appreciably affected by upstream regulation or diversion,
monthly and yearly discharge figures are also given in cubic
feet per second per syuare mile and as depth in inches for the
drainage basin. Discharge measurements made at sites other
than gaging stations are made by current meter or by indirect
methods that utilize the slope of the channel as indicated by
high~water marks, and data on the size, shape, and roughness
of channels or of bridge and culvert openings.

Streamflow data have been coliected at 18 gaging
stations in the Kitsap Peninsula area, several of which have
only short periods of record. The short-term records are from
gaging stations operated during low-flow summer seasons in

conjunction with & series of measurements made to inventory
the low flows of streams in the area. Five years or more of
continuaus discharge records were collected at 11 of the
gaging stations. Streamflow data for all the stations are
summarized in this report. In addition, records of discharge
for the stations that have been in continuous operation for 5
years or more are analyzed and presented in several ways as
described in the following pages.

BAR CHART OF GAGING STATION RECORDS

All gaging stations that have been operated in the report
area are listed in the bar chart on page 57, which shows the
years during which each station was operated. The sireams
are listed in clockwise order around the Kitsap Peninsula.

The stations an each stream are listed in downstream order
where iwo or more stations are located on one stream. Statians
on a tributary that enter above a main-stem station are listed
before that station, If a tributary enters between two main-stem
stations, the tributary station is listed hetween them. Tributary
streams are indicated by indention. Each station has been
assigned a number that can be used to locate the station on the
surface-water map (pl, 3),

SUMMARY OF DATA

Basic data that have been collected at gaging stations
and at miscellaneous discharge measurement points in the report
area are summarized in tables 10 and 11. More detailed data
for each station will generally he found in water-supply papers
published by the U.S. Geological Survey or in hulletine pub-
lished by the State of Washington.
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Figure 30. BAR CHART OF GAGING STATION RECORDS™

Period of record J
’m'? Gaging station or stream name = o 8 8 2
o o o o o~
r~ i ~i — —
Union River basin:
0630 | Union River near Bremerton v v e ee e conimenenecnsvs s
0635 | Union River near Belfair. . ... iiiiiiineriennn.
[dission Creek basin:
G645 | Mission Creek near Bremerton . .vvev e vnins i eenrrsnens
0650 | Mission Creek near Belfair «...ovveiiinininiiinoniinnesn
Tahuya River basin;
0655 | ., CGald Creek near Bremerton. . cvwvveevesn J
0660 | Tahuya River near Bremerlon.........c..... e NE—
0670 | ..Panther Creek near Bremerton ....ververvnernensroens o
0675 | Tahuya River near Belfair v.vvvrvrrvrinninrereerrannes
06380 | Tahuya River near Tahuya ........ e, ' e Ak € b d by =
Dewatto Creek basin:
0685 | Dewatto Creek near Dewatle «....oovvieivinnn.. e TR, | T
Anderson Creek basin;
0690 | Anderson Creek near Holley ...... ... ....oiiiiian, =
Stavis Creek basin:
0695 | Stavis Creek near Seabeck . ..vvviivniiiriinirnnreninnss -
Dogfish Creek basin:
0700 | Dogfish Creek near Poulsho uvvrvivniriinininrnnn. R T I SR e
Clear Creek basin:
0705 | Clear Creck near Silverdale .....viveiuiiiiievinininens i
Chico Creek basin:
0720 | Chico Creel near Bremerton «..v.sveveeseinineeisrrenes
Blackjack Creek basin;
0725 | Blackjack Creek at Port Grehard ...ovvvvvve v un.. - ]
Burley Creek basin:
0730 | Burley Creek at BUrleY v vvsvve vt iescrennennenesonses
Minter Creek basin:
0735 | ..Huge Creek near Watna .....ouv i seeiinnnnneennenns

The data presented in table 10 are, for the most part,
self-explanatory; only those items that may need further explan-
ation are described here. The stations in the table are listed in
downstream order as described under "Bar chart of gaging
station records." The elevation shown for each gaging station
is the approximate elevation of the bed of the stream above
mean sea level. Discharge data are presented on both annual
and seasonal bases, Maximum discharge figures are omitted
from the extremes columns for records of less than one full
year. Maximum and minimum discharge figures are for the
period of record indicated at each station,

Table 11 lists selected miscellaneous measurements
of discharge at points other than stream-gaging stations. The
discharge listed therein is the minimum discharge that has been
measured at each site; it is not necessarily the minimum dis-
charge that has occurred in the past or that can be expected to
occur in the future. In almost every case, however, each
discharge [isted agproximates the minimum flow at that point
during the low~water season in which the measurement was
made. When evaluated, such measurements are helpful in
appraising the overall water supply and in determining the
potential low flow at the places where they were made. At
some sites, several measurements have been made in addi-
tion to those reported herein; the results of these additional
measurements are contained in the U.S. Geological Survey
water-supply papers (WSP) listed in the column headed
“Publication.”

REGIMEN OF FLOW

The basic streamflow data from 11 of the stations listed
in table 10 are summarized and presented in this section to
demonstrate the streamflow characteristics and to provide a
basis for further study, These gaging stations, each of which
has 5 years or more of continuous record, are listed below.

Map No, Gaging station

0630 Union River near Bremerton
0635 Union River near Belfair
0645 Mission Creek near Bremerton
0650 Mission Creek near Belfair
0655 Gold Creek near Bremerton
0660 Tahuya River near Bremerton
0670 Panther Creek near Bremerton
0675 Tahuya River near Belfair
0685 Dewatto Creek near Dewatto
0700 Dogfish Creek near Paulsha
0735 Hugh Creek near Wauna

The data thus summarized are expressed in terms of
(1) maximum and minimum daily discharae, (2) maximum,
minimum, and average monthly discharge, and (3) duration of
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Table 10, SUMMARY OF GAGING STATION STREAMFLOW RECORDS:

Annual discharge (water yoar ending Sep-

Drain. Elev. Pérind
sta. Naine Locdation area ft abave af WMaxinum Minimum
No. Gsgemil [ mis, L) record
Acre-fest | Year | Acre~fest | Year
0630 | Unlon River near SWINEL sec. 34, T. 24 N., B. 1 W., 3.18 3953 1945-59 | 12,420 | 1956 5,590 | 1958
Bremertan Tmile gownstrean from Casad Dam, 1)
mites upstream from Hazel Creek,
0635 | Union River niear Belair ] NEbsec, 20, TV 23N, R 1 W, 2 19.4 45,6 | 194759 @ 84 880 | 1956 |'30,940 | 1953
miles upstream fram-mouth-and & miles
dawnstrean from Casad Dam,
0645 | Missien Creck near NEANWE sec, 32, T. 24 N, RL1 W, 1.83 | 513.0 | 1945-53 6,080 | 1951 | 3,420 | 1847
Bramerton on west shore.of: Mission Lake, 300 ft
upstream from lake outlet,
0650 | Mission Creek pear NWz sec. 18, T.23 N, R, IW;: 5 4.4% 0 330,00 1945-53 1 11,%30 | 1951 6,160 | 1%47
Belfair miles upstrsam from mouth,
0655 | Gold Creek near NEZSWhsec. 21, T. 24N, R.1W., 1.51 | 750.9 1945 6,350 | 1956 | 3,480 | 19582
Bremerton 1% miles upstecam . from mouth,
0660 | Tahiuya River near 5Efsec. 19, T.24N,, R, T'W., 14 5.99 1 540 1945-56 1 22,700 | 1956 | 11,600 | 13985
Bremerton miles downsiréam from Tahuya Lake.
0670 | Panther Creek near NWE see, 31, T. 249 N., R. 1 W, half .98 486 1945~53 2,650 1 1951 1,760 | 1847
Bremerton a mitle downstream fram Panther Lake.
0675 | Tahuya River ngar SEXSEL sec, 10, TL 23N, R.2ZW., | 15.0 | 353 1945-56 | 50,410 | 1956 | 24,190 | 1947
Belfair 3y miles downsteeam from Panther Creek.
0630 | Tahuya River near SWi see, 12, T.22°N,, R, 3W., 25 42,2 a0 1947 - - -
Tahuya miles upstrean frammouth.
0685 | Dewatto Creck near Se¢, 23, T, 23N, R.3W,, a 18.4 55 1947-54, 58,330 | 1950 | 27,600 | 1951
Dewatto county road bridge, 1} wiles upstrean 1958~
from mouth.,
0690 | Andersan Greek near Stsec. 17, T, 24 M., R. 2W., half 5.17 20 1947 - - - -
Helley a mile upstream from mouth.,
06958 | Stavis Creek-near SWi sec. 25, T. 25 N., R, 2W., 587 15 1947 - - - ~
Seabeck three~quarters of a mile upstream from
wouth,
0700 | Dogfish Creek near SWH sec. 11, T.26 N., R. LE,, haif 5.01 20 1947 8,960 | 1955 5,030 | 1955
Poulshe a fiile upsteeam from mouth.,
0705 ; Clear Creck near Albnorth line sec, 16, T, 28 N., Ry 1 7.46 30 1947 - = = =
Silverdale E,, 75 Tt downstream from highway
crossing, T wmile upstream from mouth,
0720 | Chice Creek:negr Alnorth tine sec, 8, T. 24 N, R. 1 15.2 50 1947-50 - - - =
Bremerton E., half amile downstream from Dicker=
son Creek,
0725 | Blackjack Creck at SEd sec. 26, T.24 N.,R.1E., a 12,3 30 1947-50 - - - -
Port Orchard third of a mile upstream from mouth,
0730 | Burley Creek at NE} sec. 11, T.22N,, R, 1E.,at 10.7 in 1947-50 - - - “
Burley caunty road bridge a quarter-of a mile
dpstieam from mouth.
0735 | Huge Creek near At north ling sec, 20, T, 22 N, R, 1 6,47 100C 1947 12,550 | 1956 5,770 1 1952
Wauna E., an eighthof a mile upstredm from

mouth,
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tember 30) Seasonal dizcharge (July to September) Extremes of Discharge
Mean Maximum Kininwin Mean Nasdifiin Date PO T, Date
Acre-feet | Acre-fesl Year Acre-feet Year Acre=feet (cfs) {efs)
2,840 2,520 1957 105 1951 602 476 Feh, 22, 1949 0.2 June-2, 1955
(14 years) (14 seasons!
39,620 4,430 1951 %,090 19852 5,730 1,610 Feb, 22, 19491 11 Aug, 15,1959
(12 years {13 seasonsg)
4,800 99 1948 i} 1551 25.4 96 Fek, 22, 1949 a Many times
{8 years) (% seasonzs)
8,970 126 1948 44 1947 79.2 403 Feh, 22, 1949 0 Sept. 16, 2%, 22, Oct. 1,
{7 years} {7 seasons) 1951
4,270 206 1948 88 1952 143 203 Feb, 22, 1949 .1 July 29, Sept. 9, 1958
(15 years) (15 seasons)
16,170 299 1955 73 1950 209 504 Nowv, 3; 1955 0.1 Sept, 22-26, 1947, Septi 1~
(11 years} {12 seasons) 10, 12, 13,1949, Oct. 4=
10, 1952
2,170 21.4] 1946 ] 1945~ .56 88 Feb, 22, 1949 a Many times
(8 years) 1953 {9 seasons)
35,090 261 1948 4.8 1951 115 1,210 Nov, 3, 1955 a Wany-times
{11 years) (12 seasons)
- - - - - 1,770 - B 6.9 Sept, 2,3, 1947
{1 seasan)
47,140 3,690 1948 2,570 1947 2,940 2,110 MNov, 3, 1955 9.6 Sept. 22, 1950
{9 years) (11 seasons)
- - = = - 1,000 - - 4.8 July 29-31, Aug. 4, 1947
{1 seazonl
- - = < - 1,300 - - 6.3 July 20, 21, 29, 30, 1947
{1 season)
6,480 807 1960 491 1947 661 333 Febi, 22,1945 0.7 Aug. &, 1959
{13 years) {14 seasons)
- - - - - 440 - = 1.8 July-30, 1947
{1 seasoni
- 908 | 1948 . 224 1547 464 = - Q Aug. 3110 Sept, &, 1947
{4 seasons)
- 1,940 1950 1,410 1947 1,710 - - 6.7 July 25, Sept. 2,3, 1947
(4 seasonsl
- 3,100 1948 2,570 1947 2,890 - - 11 July 19-21, 1947
{4 seasons)
3,550 1,030 1957 783 1947 890 391 Feb, 9, 1951 3.2 Sept, 1, 1950
(13 years) {14 scasans)
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&0 WATER RESQURCES AND GEQLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

flow with tespect to time, The three farms of presentation are
discussed briefly below and are followed by the graphical and
tabular expressions of the data,

MAXIMUM-MINIMUM DAILY DISCHARGE

The hydrographs: of maximum and minimum daily discharge
shown on pages 70 through 90 -are based onthe maximum
and minimum daily discharge for each day of the year throughout
the period of record. The extremes of-discharge thus plotted
delineate a band within the boundaries of which every past daily
discharge of record would lie if plotted, The hydrographs can
be used to appraise the extremes of discharge to be expected
throughout the year but do not define & record of continupus
flow or typify the actual redord Farany individual year. The
hydrographs approach the category of Flow-duration graphs
inasmuch as the minimum daiby discharge hydrograph presents
daily mean digcharge that has been equaled or exceeded 100
percent.of the time, while the maximum daily discharge hydro-
graph presents daily mean diseharge that has not been exceeded
at any time during the period of record. The discharge figures
used for preparing these hydrographs are tabulated on pages
g2 < 102.

MAXIMUM, MINIMUM, AND AVERAGE MONTHLY DIS-
CHARGE

The bar graphs shown on pages 70 - 90 and hased on
data listed on pages 103 = 108 are'similar to the maximum-
minimum daily discharge hydrographs in that they show, for
each month, the maximum monthly discharge, theminimurn
monthly discharge, and the average of all the monthiy dis-
charges of record. These graphs appraise a stream’s patential
in more summarized form than do the daily maximum and minimum
data.

FLOW-DURATION CURVES

Flow-duration curves show the percentage of time that
specified dischiarges were equaled or exceeded during a glven
period (Searcey, 1959). Sush curves aré used to analyze the
availability and.variability of streamflow and to investigate
profilems of Viater supply, powes develngment, waste disgosal,
and-administration of water rights. Aflow-duration curve for
the entire period of record in itself does ot show & chronologi-
cal sequenceof flow, but the curves for each month of the year
as shown an pages 71 through 91 provide a substitute for the
chronologic sequence of events, Such curves tend to define
the frequency of oceurrence of discharge at any given time of
the year, The flow-duration data are shown also in tabular
forni on pages 103 - 108.

EVALUATION OF THE SURFACE-WATER SUPPLY

SURFACE-WATER.MAP

Al surface-water sources included in this study are
shown on the surface-water map (pl. 3). Names of lakes and
streams are indicated when known, but the majority of smaller
streams in the report area are unnamed. Numbers-were there-
fore assiged to each individual stream system temiinating at
salt water to aveld confusion in identification. Many small

seeps and springs iscue from aguifers which crop oub i various
areas along the shore; however, these were generally omitted
from the map and numbering system unless they discharged iitto
well-defined dratnage courses.

The stream numbers appear in red near the'mouth of
each stream and run consecutively in a clockwise direction
around the periphery of the Kitsap Peninzula starting near the
terminus of MHood Canal and ending at North Bay, The number-
ing system iscontinued in & like manner for each island
beginning at the north end of Bainbridae Island and ending nedr
the notth end of Anderson Island. A study of available maps
comhined with a thorough Feld investigation indicated there are
a total of 582 separate identifiable stream systems within-the
area under study, Of these, 426 are located on the Kitsap
Peninsula proper, 38 on Bainbridye Island, 83 on Vashon
and Maury 1glands, 8 on Fox lsland; 4 on McNeibdsland and
23 on Anderson [sland, As a consequence of their-small size,
no well established stveani systenis ocoud on the other islands
included in the repart.

Within each separate drainage basin termindting in salt
water-another systen of numbering is Used to identify tributary
streams and their sub<basine, In this system each tributary
confluence with the main stem or with another tributary 12
assigned a-number which appears in blue on the'map. Beginoing
with zero at the mouth; each primary tributary confluence with
the main stream is numbered conséciitively in an upstream
direction. ‘Using the primary confluence number as a'biase, a
similar consecutive numbering system. is then applied to the
branches of each primary tributary to indicate secondary points
of confluence and so on until every confluence pointis
numbered. In all cases each additional number is separated
from the other base numbers by & ¢alon. To alleviate con=
gestion, confluence numbers of zero are omitted from the map,
since in all cases, they simply refer to the mouth of the stream.

The surface-water map also shows the lotationt and
nuribers of all streamflow gaging stations, miscellanesus flow
measurement points and surface-water quality stations listed in
tahles. 10, 11 and 56,

REPORT AREA YIELD

In the Kitsap Peninsular region centinuous~recaord
stream -gaging started in 1945 primarily as the result of
increased corcerm:by the City of Bremerton to find an adequate
municipal water supply. Of the. 18 stations installed in this
area during the 3-year period, 1945-47, anily 4 were still in
aperation as of 1960 and:7 have léss'than 5 years of record.,
Since no data were collected before this time, it seemed
justifiable ta limit the surface-water analysis to the 15-year
period 1946-60,

When the water resource inventory program was initiated,
however, the years 1908-323 and 1934-59 were established
as comimon periods for analyzing data in all reports (p. 8 - 9).
At that time a preliminary study of precipitation and streamflow
records indicated that over mast of Washington similar average
climatic trends seemed to repeat during these 26-year perinds,
This investigation also showed a.general deficiency of data,
especially streamflow records; priorto 1930, Therefore, of
the 2 periods, the years 193459 were most suitable for use
imall analyses,

To comply with this previously established criteria, in
the surface-water analysis it'was necessary to extrapolate data
obtained during the 15-year period 1o obtdin information
representative of the 26-year periods, Thiv was accomplished
thraugh use of annual runoff ratios,
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SURFACE-WATER RESOURCES

Table 11, MISCELLANEQUS LOW FLOW DISCHARGE MEASUREMENTS.

6l

Drain. L Minimum discharge measured
Map - Publication
Strean Locatign area
No. {sq mi} (WsP) Cfs Date
KITSAP PENINSULA
KP1 Unnamed strean SWINEL sec. 34, T. 24 N., R, LW., atmouth, 1,23 1246 1.26 dan, 10, 1952
{tributary to Unien 250 ft below gaging station en Union River and 7
River) miles west of Bremerton.
KP2 Unior River SWYosec. 3, T. 23 N., R. 1 W., atcrassing of 6.96 962, 932, 1.13 Sept. 29, 1943
Qld Navy Yard Highway, 5 miles northeast of 1092,.1566,
Belfair, 16368
KP3 Bear Creek SEZ sec, 9, T, 23 N., R. 1W., atcrassing of 1.40 1092, 1122, 0.61 Sept. 19, 1947
0id Navy Yard Highway 3 miles north of BelFaiv. 1566, 1636
KP4 Unnamed stream About east fine sec, 17, T. 23 N,, R. 1 W.,a 0.39 1092, 1566, 0 Aug. 14, 1958
{tributary to Union crossing of Qld Navy Yard Highway, 2 miles north 1636 Aug. 19, 1959
River) of Belfair.
KPS Courtney Creek NWINEZ sec. 20, T. 23 N., R, 1 W., atcross= 1.48 1092, 1566, 2.83 Aug. 14, 1958
ing of Qld Navy Yard Highway, 13 mites north of 1636
Belfair,
KP6 Unnanied stream NEL cec. 2%, T. 23 N., R. 1 W., at crossing 1.31 1092, 1566, 0.83 Aug, 14, 1958
(tributary to Union of Old Navy Yard Highway, 4 mile north of Gelfair. 1636
River)
KP7 Unnamed stream SEi sec, 29, T. 23 N., R. 1 W., at highway 0.53 1092, 1566, 0.89 Auy. 14,1953
(tributary to Unjen crossing at Belfair, 1636
River)
KPg Unnamed stream SEISE} see. 30, T. 23 N., R. 1 W., atroad 0.20 1092, 1566, 0 Sept. 24, 1947
{tributary te Union crassing, T mile above mouth and 274 mile west 1636
River] of Beifair,
KPS Mission Creel NE! sec. 36, T. 23 N., R. 2W., at road 12.1 1092, 1122, 5.63 Aug. 25, 1947
crossing, 3/4 mile above mouth and 2 miles west 1566, 1636
of Belfair.
KP10 Little Mission Creck NWl sec. 1, T, 22 N., R, 2W,, at'road cross- 1,51 1092, 1566, 2.02 Aug, 25, 1947
ing, % mile above mouth and 3 miles southwest of 1636
Belfair,
KP11 Johinson Creek About center of see. 2, T, 22 N., R. 2W., a 0.66 1092, 1566, 0,19 Aug. 25, 1947
{tributary to Hood Canal) road crossing 500 ft above mouth and 3% miles 1636
southwest of Belfair.
KP12 Stimson Creek NWE sec. 11, T. 22 N., R, 2 W, , at road 1.86 1092, 1566, 0.82 Aug. 15, 1958
crossing, 400 ft above mouth and 4% miles scuth- 1636
west of Belfair.
KP13 Unnamed stream SElsec. 9, T.22 N., R. 2W., at road cross- 0.30 1092, 1566; 0,10 Aug. 26, 1947
(tributary to Hood Canall ing, 400 ft above mouth and 6 miles southwest 1636
of Belfair,
KP14 Little Shoofly Creek NW see. 17, T. 22 No, R. 2 W, at road 0.66 1092, 1566, 0.66 Aug. 26, 1947
crossing at mouth, 74 miles southwest of Belfair, 1636
KP15 Shoafly Creek SWi sec, 18, T, 22 N., R. 2 W., atroad 6.88 1092, 1566, 0.02 Mg, 24, 1959
crossing, 400 ft above mouth and 84 miles sauth- 1636
west of Belfair,
KP16 Unnaned stream Wk sec. 2, T. 23 N., R, 2 W., atroad crossing, 2.03 1092, 1566 0 Aug, 26, 1947
(ribitary to Tahuya 374 mile above mouth and 54 miles northwest of Aug, 15, 1958
River) Belfair.,
KPL7 Unnaned stream Near center sec. 33, T.23N., R.2W., 200 & 4.19 1092, 1566 0 Aug. 15, 1953

(tributary te Tahoyz
River}

belaw road crossing, 1 mile above mouth and 5
miies west of Beifair.
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WATER RESQURCES AND GEOLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

Table 11. WMISCELLANEOUS LOW FLOW DISCHARGE MEASUREMENTS. (Continued)

Map . Drain. PoBiication Minimun discharge measured
No Siredi Location area AWSP)
' (s mid Cfs Date
KITSAP PENINSULA
{continucd}
KPL& Unnamed streant SEd see, 22, 7. 22 M., )R. 2 W., atroad .20 1566 i) Avg, 18, 1958
{tributary to. Tahaya crossing, 400 ft-above mouth amd % mile north- ’
River) gast of Tahoya.

KP19 Caldervin Creek NWE sec. 27, T..22 N,, R, 3 W., atroad 1.09 199z 1.34 Aug. 26, 1947
crossing, 400 ft above mouth &t Tahuya,

KP2Q Rendsiand Creck Nj sec, 19, T. 22 M., R, 3 W., atroad cross- 8.74 1092 [t} Aug. 26,1947
ing-at mouth, 3 miles-westof Tahuya.,

KpP21 Deatto Creek SEdwes. B2, T. 24 N., R, 2W., atraad 3,01 1092, 1566 .44 Aug, 26,1947
crossing, 2% miles south of Holley,

Kpaz Ludvick Lake Cresk Near center sec, 6, T, 23 N., RL2W., at 1,01 1092, 1566 4] Atig 2651947
road crassing, + mile above mouth and 3 miles Aug, 19, 19553
sauth of Helley.

KP23 Uniaamed stredm North line seec, 7, T. 23 N., R 2'W,, atroad 0.72 1092, 1566 0.03 Aug, 19, 1958

Uributary to Dewatto orossing, 500 ft abave mouth ard 34 miles
Creek) south of Hotley.
KPzd Unhamed 'stréam SEdsec. 27, T2 23 N, R. 3 W., atroad 1.77 1092, 1122, 1.27 Sept, 18, 1947
(iributary to Dewalts crossing, 14 wiles eastof Dewatte, 1566
Creck)

KP25 Thomas Creek NEL sec. 19, T. 24 N., R. 2W., 200 ft above 0.37 1092, 1122, 2.37 Aug. 26, 1947
read crossing, 500 ft above mouth and 4-mile 1566
nartheast of Holley.

KP25.]1  Harding Creek NWLSWE sec. 9, T. 24 M., RO2'W., at mouth, 1.37 {a) 4.85 Sept. 15, 1961

KP26 Seabeck Creck NWi sec. 29, T. 25 8., R, 1 W, atroad 5.06 1092, 1566 0.27 Aug, 19, 19588
crossing, $nile above mouth.at Seabock.,

KP27 Big Besf Cresk North line see, 8, T. 24 N. . R. 1 W., atroad 5,69 1092, 1566 0.61 Sept. 30, 1947
crassing, 3omiles south of Seabeck,

KR2 & Big Besf Creek North-line NEd sec. 22; T, 25 N.; R. LW, 14.0 1092, 1566 .91 Aug. 20, 1958
about-t mile above mouth and 2% miles northeast
af Sedbeck,

KP29g Jolinson Creek Ml sec, 14, T.25N.,R. 1 W, ,; atroad .66 1092, 1566 0.05 Auvg, 27, 1947
crossitg near mouth,. 3 miles'riortheast of Seabeck.

KP30 Andersan Cresk NWHsee, 13, To25 0., R. I W., atfoad 4,04 1092, 1566 2,07 Sept. 18, 1947
croszing, » mile above mouth and 4 miles novth=
ezst of Seabeck.

KP31 Unnamed: stream NEY'sec, 14, T. 25N., R. L W., abroad 0.37 1092, 1566 0.19 Auy., 27, 1847

{tributary to-Anderson crogsing near mouth and 4 miles northeast of
Creekd Seabeck.
Kp3z South branch unnamed sirean W4 sec. 23, T.27 N., R. 1 E., at road cross- 1.97 1092, 1566 0.0 Aug. 25,1947
(ributary to Hood Canal)  iig, 600 fi ahove north branch and 34 miles
southwest of Port Gamble,
KP33 North branch unnamed stream. Wi sec. 23, T.27 K., R, L E., at road éross- 0.86 1092, 1566 0.08 Aug, 25, 1947
ttributary to-Hood Canal)  ing; 400 B above south branch and: 3% miles
southwest of Port-Gamble.
KP34 Unhamed-stream MW sec. 13, T..27 N., R.o1 E., atroad 0.59 1092, 1566 0.82 Aug, 25, 1947

(tributary to Hovd Canal}

cressing, 3 mile abgve mbuth and 2% miles south-
west of Part Gamble.

(@) Surface Water Recards of Washiiigton, 1961,
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Table 11. MISCELLANEQUS LOW FLOW DISCHARGE MEASUREMENTS. (Continued)

63

M Drain, Publication Minimun discharce measured
wan Stream Location area 1o
No. - (sq mi) WSP) Cfs Date
KITSAP PENINSULA
{continued)

KP35 Gamble Creek SWi SWi sec, 29, T, 27 N., R. 2 E., atroad 4,87 1092, 1566 .45 Auvg, 25, 1947
crossing, 1% miies ahave mouth and 4 wifes south
of Port Gamble.

KP36 Unnamed siream SWH see. 20, T. 27 N.,R. 2 E., al road 0.86 1092, 1566 0,10 Avg. 26, 1958

(tributary to Gamble crossing, 900 ft above mouth and 2% wiles south
Creek) of Port Gamble.

Ke37 Buck Lake Qutlet SWi sec, 146, T. 28 N., R. 2 £, alroad 0.32 1092, 156¢& G Avg. 5, 1947
crossing, 600 ft above mouth ard % wile west
of Hansville.

KP38 Silver (Eglon) Creek NWi sec. 2, T. 27 N., R. 2 E., at road cross- 2.24 1092, 15664 0.02 Auvg, 26, 1958
ing at Eglon, 300 ft above mouth.

KP39 Unnanted stream NWd sec. 13, T. 27 N., R. 2 E., al read ¢G.95 1092, 1566 0.04 Aug, 2h, 1958

(tribtary to Pucet crossing, % mile above mouth and 3/4 nmile south
Sound} of Eglon.

KP40 Carpenter Lake Qutlet SWi sec. 26, T. 27 N., R, 2 E., atroad 2.35 109z, 1566 0 Auc, 26, 1947
crossing, 3 mile above mouth and 3/4 mile west Aug, 27, 1953
af Kingston.

KP4l Grovers Creek NW37 sec. 4, T. 26 N,, R, 2 E,, at road 6.45 1092, 1566 0.33 Aug. 5, 1947
crossing,  mile above mouth and 23 miles narth-
west of Kitsag.

KP4z2 Unnamed stream NWY sec. 16, T. 26 N., R. 2 E., at road cross- (.62 1092, 1566 0.06 Aug. 26, 1947

(tributary to Miller Bay) ing, 400 ft abave mouth and 1} miles west of
Kitsap.
KP4z Thonipson Creck S3 sec. 29, T. 26 N., R. 2 E., at road cross- 2.35 1097, 1566 0.0% Aug. 26, 1947
ing, 600 It above mouth and 2 miles east of
Keyport.
KP44 Unnzmed stream Northwest cotner gec, 31, T. 26 N., R. 2 E., 1.7¢ 1092, 1566 a Aug. 26, 1947
(tributary to Puget at road crossing, 1,000 ft above mouth and 3/4 Aug. 27,1958
Sound) mi'e northeast of Keyport.

KP45 Unnaned stream SEy sec. 25, T. 26 N., R. 1 E., at roaé 1.44 1092, 1566 ¢.01 Aug. 27, 1355
{tributary to Puget crossing, 600 ft above mouth and 3/4 mile north
Sound) of Keyport.

KP46 West Fork Dogfish Greek Sisec, 11, T, 26N., R. 1E,, at road cross- 2.76 1092, 1566 1.62 Aug. 26, 1958
ing, 100 it above East Fork and 13 miles north
ol Pouisba.

P47 Unnamed stream NW] sec. 14, T. 26 N., R. 1 E., at rad 1.15 1092, 1566 0.183 Aug. 26, 1958

{tributary to Doafish crossing, 1 mile north of Poulsba,
Creek)

KP43§ Johnson Creek Wi sec, 22, T. 26 N., R. 1 E., at highway 3.28 1092, 1566 0.68 Aug, 26, 1947
crossing, 800 ft ahove mouth and 1 mile west
of Poufsba,

KP49 Jacques Creek SEf cec. 27, T, 26 N., R. 1 E., at road 0.41 1092, 1566 0.08 Aug. 26, 1947
crossing § mile above mouth and 1 mile northwest
of Keyport.

KP50 Unnamed stream SWi sec. 39, T. 26 N., R. 1 E., at road 0.36 1092, 1566 0 Aug. 25, 1953

(tributary to Liberty Bay)  crossing, 600 ft above mouth and 2/4 wile west
of Keyoert,
KP51 Unnamed stream SE} zec. 35, T. 26 N., R. 1 E., at road cross- .08 1092, 1566 0.05 Auc, 25,1953

(tributary to Liberty Bay)

ing, 600 ft abave mouth and % mile west of
Keyport.
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Table 11. MISCELLANEOUS LOW FLOW DISCHARGE MEASUREMENTS.

WATER RESQURCES AND GEQLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

{Continued)

Map . Drain. Publication Minimum discharge measured
N Stream Lacation area WSP)
o {sq mh) Cfs Date
IITSAR PENINSULA
{continucy)
KP52 Steel Creek SE} scc. 14, T. 25 M., R. 1 £,, 200 ft above 4.75 1092, 1566 .89 Aug, 2&, 1947
roarl crossing and riouth, 4 mile west of Browns-
ville.
P53 Hlahee Creek 53 sec. 31, 7,25 N., R, 2 E., at nouth, 23 1.28 1092, 1566 0.41 Aug, 27, 1947
ntiles northeast of Bremertan,
KR54 Unnamed stream SWisec. 7, T. 24 N., R. 2 E., at raad ¢.70 1092, 1566 0.26 Aug, 27, 1947
{tributary to Post crossing, 1,000 ft abeve miouth and 1 mile
Qrchard) east of Breniertorr,
KP55 Unnamed stream NEZNEZ sec, 3, T. 24 N., R. 1 E., at raad 0.21 1092, 1566 0.08 Aug. 22,1958
{tributary to Dyes Inlet) crassing, = mle above wouth and & mile south of
Tracyton.
KP56 Mosher Creele SEy sec. 24, T. 25N., R. 1 L., atroad 1.58 1092, 1566 0.28 Aug. 26, 1947
crossing, 1/8 mite north of Tracyton and i mile
above mouth.
KPS57 Unnamed stream NEf cec. 34, T. 25N., R. L E., at road 0.4z 1092, 1566 0 Aug., 26, 1947
(ributary to Dyes Inlet) crossing, 600 ft above mauth and 4 mile north Aug, 22, 1958
of Tracyton,
KP58 Unnamed stream NWi see, 34, T. 25N., R. 1 E,, at road 0.27 1092, 1566 0 Aug, 26, 1947
(tributary to Oyes Inlet) crassing, i mile above mouth and 1 mite north-
west of Tracyton.
KP59 Buarker Creek SWi sec. 22, T. 25 N., R. 1 E., at road 4,02 1092, 1566 1.81 Aug. 26, 1947
crassing, 3/8 mile above moulh and 14 miles
east of Silverdate.
KP&O West Fork Clear Creek Ahout south line sec, 9, T, 25 N., R. L E., 5.68 1092, 1566 2.16 Aug. 27, 1947
at mouth, just ahove highway crossing Clear
Creel, 11 wiles north of Silverdaic,
KP61 Unnamed stream SWiSW} sec. 16, T. 25N., R. 1 E., at high- 0.44 1092, 1566 0.06 Avg, 27, 1947
{tributary to Dyes Inlet).  waycrossing, 4 mile above mouth and 4 mile north
of Silverdale,
KR&2 Strawbernry Creak NEZ sec. 20, T. 25 N,, R. 1 E., at highway 3.01 1092, 1566 1.08 Aug. 27, 1947
crossing at Silverdale, i mile above mouth,
KPé&3 inapp Creek £ sec. 20, T. 25 M., R. 1 E., at highway 0.28 1092, 1566 a Aug. 21, 1958
crassine near mouth, 378 mile south of Silverdale.
KP&64 Unmamed stream SEY sec. 20, T. 25N., R. ¥ E., at highway 0.55 1092, 1566 .03 Aug, 21, 1958
(ributary to Dyes Inlet) crossing near mourth, 4 mile south of Silverdale.
KP65 Woods Creek SWi see, 29, T. 25 N., R. 1 E., at highway 0.40 1092, 1566 0.20 Aug, 22, 1958
crassing near meath, 1% miles south of Sifverdale,
KP&& Unnamed stream WY sec. 32, T. 25 N., R. 1 E., at highway Q0,17 1092, 1566 0.08 Sept, 25, 1947
(tributary to Dyes Inlet) crassing, 800 ft above mouth and 1 3/4 miles
sotith of Silverdale.
KP67 Unnamed stream About center Wy sec, 32, T.25N., R. 1€, 0.05 1092, 1566 a.08 Sepl, 25, 1947
(teibutary ta Dyes Inlet) at highway crossing near mouth, 2 miles south
of Sifverdale.
KP&8 Unnanied stream SW3 sec, 32, T. 25 N.. R, 1 E., at highway 0.23 1092, 1566 0.06 Aug, 22, 1958
(tributary to Dyes Inlet) cross:ng near mowth, 24 miles south of Silverdate.
KP69 Unuamed stream NW; sec, 5, T. 24 N., R. L E., at highway 0.12 1092, 1566 0.23 Avg, 27, 1947

(tributary to Dyes inlet)

crossing near mauth, 2 3/4 wmiles south of
Sifverdale,
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Drain. Ty Minimum discharge nicasued
a Pubiica
Imp Strear Lacation area ”b“(f; ll;)o h
' {5 mi) Cfs Date
[KITSAP PENINSULA
{continued)
KP70 Wildeat Creek Eésec. 2, T, 24 N., R, I W,, atlake outiet, Z.50 1092, 1122, 3] Sept. 17, 30,
5 miles west of Bremerton, 1152, 1182, 1947
1216, 1566 Sept. 14, 1949
KP70.1  Wildcat Creek SWANWY sec. 7, T. 24 N,, R. 2 E., 500 ft 6.20 (a) 0.14 Sept. 3, 1961
above Lost Creek.
KP70G.2  Lost Creek SWINWY sec, 7, T.24N,, R, LE., 500 R %.08 (a) 0.73 Sept. 8, 1961
above mouth,
KP71 Dickenson Creek SWEINWY sec. 8, T. 24 N., R, 1 E., at lane 2.19 1092, 1566 0.04 Aug., 5,27,
crassing at mouth, 3 mifes west of Breinerton, 1947
KP72 Kiteap Creck SW sec. 8, T.24 N., R. Y E., at lake outlet 2.72 1082, 1122, 0.08 Aug, 21, 1958
2 miles west of Bremerton, 1152, 1182,
1216, 1566
KP73 Garst Creek NW séc. 32, 7.24N,, R, 1LE., 150t 4.35 1092, 1566 7.68 Ava, 28,1947
above Heins Creek, 3/4 mile abeve mouth and
34 miles sauthwest of Breuwerton,
KP74 Heins Creek About west line sec. 32, T. 24 N., R. 1L E., 1.63 1092, 1566 0.62 Aug, 19, 1958
200 ft aboyve mouth and 32 miles southwest of
Bremerton.
KP75 Parish Creek Wk sec. 32, T. 24 N., R. 1 E., at highway 1.66 1092, 1566 0.31 Aug, 28, 1947
crossing, 150 it above diversion point and 3
miles squtheast of Bremerton.
KP76 Unnamed stream West line NW2 sec. 23, T. 22 N., R. L E., 1.41 1092, 1566 3.61 Aug. 19, 1958
{tributary to Blackjack al road crossing, 0.2 mile above mouth and 4
Creek) miles south af Port Qrehard.
KP77 Blackjack Creek NWY sec. 17, T. 23 N, R, 1 E., atroad 10.5 1092, 1566 4.75 Aug. 28, 1947
crossing, 2 miles south of Port Urchard and 3
miles abhove maouth .
KP78 Annapolis Creek NE% sec. 25, T. 24 N., R. 1 E., al road 1.86 1092, 1566 3.40 Aua. 27,1947
crossing at nouth, 3/4 mile east of Port Orchard.
KP79 Unnamed stream NW4 sec, 30, T. 24 N., R.2E., 300t 0.20 1092, 1566 0.40 Aug, 21, 1958
(tributary to Port Orehard)  above road crossing, 400 ft above mouth anc
1 mile east of Paort Orchard,
KP80 Unnamed stream NWA sec. 30, T. 24 N., R. 2 E. at highway 0.07 1566 .17 Aug, 21, 1953
{tributary to Porl Orchard) crossing 1 mile east of Port Orchard .,
KP81 Suliivan Creek SWh sec. 19, T. 24 N., R.2E., 300t 1.00 1092, 1566 .36 Aug. 21, 1958
above road crossing, 400 ft above mouth and 1%
miles northeast of Port Orchard,
KP82 Unnamed stream NE: sec. 19, T. 24 N,, R. 2 E,, atroad 0.25 1092, 1566 0.02 Aug. 21, 1953
(tributary to Port Orchard)  crossing at mouth and 2 miles northeast of Port
Orchard.
KP83 Unnanied strean: NEZ sec. 17, T. 24 N., R, 2 £., atroad 0.32 1092, 1566 ¢ Aug, 27, 1947
(tributary to Porl Qrchard) crossing at mouth, 33 miles northeast of Port Aug. 21, 1958
Qrchard,
KP84 Unnamed strean: South line sec, 8, T. 24 N., R. 2 E., at road 0.40 1092, 1566 .06 Aug. 27,1947
(tributary to Port Orchard)  crossing, 3/8 mile above mouth and 4 miles
northeast of Part Orchard.
KPR35 Beaver Creek Wi sec. 16, T. 24 N., R. 2 E., at road cross- 1.61 1092, 1566 0.44 Aug. 27, 1947

ing, & mite above mouth and 3 miles east of
Bremerton

(a) Surface Water Records of Washington, 1961,
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WATER RESQURCES AND GEQLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

Table 11. MISCELLANEQUS LOW FLOW DISCHARGE MEASUREMENTS, (Conlinued)

. Drain. L Minimumn dischare measured
iap Strodn Location area Pubiication
No. {5G mi) WsP) Cls Date
KITSAP FENINSULA
(continued)
KPE6H Duncan Creck SWi seq, 22, T, 24 N, R, 2 €., ol road! 3.45 1092, 1566 0.04 Aug, 27,1947
crossing, at Manchester, 500 feet above mouth,
KPa7 Saimenherry Creek Seuth Line sec. 7, T. 23 N., R, Z E., alroad 4.99 1092, 1566 1.29 Aug. 21, 1353
crossing, % wile above mouth and 34 miles south-
cast of Port Qrelard,
KP38 Curfey Creck NEAINEL sec. 8, T, 23N, R, 2., 1mile 11.6 1092, 1216, 2,13 July 28, 1952
below Long Lake outlel and 4 miles southeast of 15606
Port Orchard.
KP39 Unnamed stream SWiSWi sec. 34, T. 24 N., R. 2 E., al road 0.21 1092, 1566 0.03 Aug. 28, 1947
(tribuzary to Yukon crossing near month, 1 rile west of Harper.
Harbaor)
KP90 Unnamed stream SE&SWE sec. 39, T. 24 N., R. 2 E,, atad 0.05 1092, 1566 1] Aug, 28,1947
(tributary to Yukon crassing near mouth, 374 mile west of Harper. Aug. 21, 1988
Harbor)
KP91 Witson Creck Stsee. 34, T.24 N.,R.2E., atroad 0.96 1092, 1566 [} Aug. 28, 1947
{trsbutary Lo Yukon crossing al mouth, 5/8 mile west of Harper,
Harbor)
KP92 Unnamed stream SWISEL sec. 24, T. 24 N,, R. 2 E., at read 0.42 1092, 1566 0 Aug. 28, 1947
{tributary to Yukon crassing at mouth, 4 mile west of Harper,
Harhor)
KP93 Unnained stream NW! sec. 2, T. 23 N., R. 2 E., alroad 0.43 1092, 1566 a Aug, 21, 1953
Cributary ta Puget crossing at mouth, 3/8 mile south of Harper.
Sound}
KP94 Olalia Creck North line sec. 5, T. 22 N., R, 2 E., atroad 3.88 1092, 1566 3.03 July 28, 1958
crossing, 14 miles above mouth and 2 miles west
af Olalla.
KP95 Crescant Creek Nisec. 32, T.22 N.,R.2E., atroad 4.64 1092, 1566 1.27 July 31, 1547
crossing, 1 mile ahove meuth and 14 miles north
of Gig Harbor.
KP9& Sallivan Creek SWiNWL sec. 29, T. 21 N., R. 2 E., a. road 1.61 1092, 1566 0.04 Aug, 29, 1947
cressing near mouth and 3% miles south of Gig
Harbar.
KPo7 Unnamed stream SWkzec. 19, T. 21 N., R. 2 E,, at road 1.87 1092, 1566 0.01 Aug. 29, 1947
(tributary to Wallochet crossing al mouth, 3 miles south of Gig Harbor,
Bay)
KP98 Unnamed stream NEANEY sec. 24, T. 21N, R, L E., atroad 2.52 1092, 1566 0.01 Aug. 29, 1947
(eibutary to Wollochet  crassing, 300 ft above mouth and 24 miles south-
Bay) west of Gig Harbor .
KP99 Artondale Creek NEJ sec, 24, 7,21 N, R. 1 E., alroad 2.99 1092, 1566 0.76 Aug, 20, 1958
crossing near mouth, 23 miles southwest of Gig
Harbor,
KP10O  Unnamed stream SWi gec. 25, T. 21 N., R. 1 E., at read 0.10 1092, 1566 6 Aug. 29, 1947
(tributary to Hale crossing at mouth, 4 mites southwest of Gig Aug. 20, 1958
Passagel Harbor.
KP101 Unnamed stream NE% sec. 26, T. 21 N, R. 1 E., atroad 0.19 1092, 1566 0,03 Aug. 20, 1958
(tributary to Hale crossing at mouth, 4 miles southwest of Gig Harbor.
Passage)
KP102  Warren Creck SEz sec. 22, T. 21 N., R. 1 E., atroad 0.83 1092, 1566 .06 Aug, 20, 1958

crossing near mouth, 43 miles southwest of Gig
Harbor.

Aua. 29, 1947
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Table 11, MISCELLANEQUS LOW FLOW DISCHARGE MEASUREMENTS. (Continued)
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Drati, Pidilicatt Winimom discharge measured
Map Stream Locatian area uif\hxchP‘)m
No. tsmid Cfs Date
KITSAP PENINSULA
(cantinued)
kP10 Unnamed stream SEf sec, 9, T.2V N, R, L E,, dttoad 0.14 1092, 1566 Q.06 Aug, 20, 1958
(rributary to Henderson crossing at mouth, 13 miles southwest of Rose-
Bay) dale,
KR104 Unnamed stream SEL spe. 10, T2 21 N., R.LE., 200 f above - 2.03 1092, 1566 0.64 Auy. 20, 1958
(tributary to Headersan raad crassing, & mile from mouth and 3/4 mile
Bay) sauth of Rosedale.

KP105  Moeyer Creek SWESWa sec, 2, T, 21 N., R. 1 E,, at road 0.71 1092, 1566 0.96 Aug, 20, 1958
crassing at mouth, at-Rosedale.

KEL06 Unnamed stream SEINWS sec. 2, T2 21 Nuy R 1 E., at road .52 1092, 1566 042 Aug. 29, 1947

(teitiitary Lo Hendersan crossing 3/4 mile-above meuth and 3/4 mile
Bay north of Rosedale.

KR1OY e Cormick Creek NWE sec. 25, T. 22 N., B, L E., atroad 2.36 1092, 1566 0,93 Aug, 29, 1947
crossing 500 Tt above wouth and 1 mite south of
Ptirdy .

KP1o8 Unnamed stream Whosec. 24, T. 22 N.,R.'LE., atroad 1.55 1092, 1566 0,02 Aug, 21, 1958

(tributary to Hendersan crossing 200 ft above mouth and § wile =outh of
Bay) Purdy.
KP1ag Purgy Creck SWH see. 13, T. 22 N., R. L E., atroad 3.44 1092, 1566 1.44 Mug. 28, 1947
crassing near mouth, & mile north of Purdy.
KPILO Unnamed stream About center of seg, 1, T. 22 N., R, 1 E,, at 0,52 1092, 1566 0.05 Aug, 18, 1958
(tributary Lo Burley road crossing 4 mile above mouth and 374 mile
Cresk) north -of Burley.

KPLLY Bear Creek Eastline SEksec. 2, T. 22 N, R. LF., 300 1,99 1092, 1566 225 Sept, 26, 1947
tribiutary to Burley fe-above mouth at Burley.
Croek)

KRIL1Z  Unnamed stréam NEINEY sec..11, T. 22N., R, L E., at 0.5] 1092, 1566 0.16 Aug, 26, 1947
(ributary to Burley mouth at Burley.
Creek)

KP11E Minter Creek Southwest corer see. 16, T, 22 M., B, 1 E., 5.67 1092, 1122, 5.30 July 17, 1958
dbove:road crassing,.+ mile above Huge Creek and 1286, 1566
2% miles west of Wauna,

KP114 South Fark WMinter Creek About-center west line see 21, T, 22 N..R.LE.,, 2.34 1092, 1566 ¢] Aug, 29, 1947
at road crossing, ¥ mile above mouth and 2 miles Aug, 11, 1958
wast of Wauna,

KPL15 Lackey Creek SWi sec, 30, T.22 No; R. 1E,, at highway 1.78 1092, 1566 0 Aug, 29, 1947
crassing, 1owile above mouth and 4 mifles ssuth- Aug, 11, 1358
westof Wauna,

KPL1G Unwamed stream MWL sec, 35, TU21 N, R: LW, atraad 1.22 1092, 1566 0.21 Aug. 29, 1947

{tribiitary to- Cavr Inlet) crossing At Hame, & mite ahave mouth, Note--
Enters Vo Geldern Cove from nortly,
KPLI17 Unnamed sbream MWL sec. 35, T.21 N., R 1W., at Home, 3 Z2.60 1092, 1566 Q Aug, 13, 1958
{tribitary e Gare Inlet) mile abovi mputh. Streaiienters Vion Geldern
Cove from wesk.

KP118 Dutcher Creek Sk sec. 11, T. 21 N,, R, 1L.W., 100 ft below 2,25 092, 1566 .13 Aug. 11, 1952
bighway crossing, 4 mile above mouth and: 24
miles north of Home,

KPL1%  Unnamed stream SWISW see, 36, T, 22 N., R, T W, atroad 0.89 1092, 15686 0.09  Auy, 29, 1947

(eibttary to Caze Inled)

crossing & mile abave mouth-dand 43 miles north
of Homa.
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Table 11,

WATER RESOURCES AND GEQLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

WMISCILLANEOUS LOW FLOW DISCHARCE MEASUREMENTS.

{Continped}

. Dradn, , i dechaage meas rec
ity Snean Localbioe aed Publicatias.
No. (=g i) wsey Cls Date
KITSAP BENINCSULA
contivedy
KP120 Unnaaed siream NE! sec. 2, T. 21 N, R, L W., oo 2.44 1092, 1566 0,01 Ay, 29,1947
(triburary to Case ntet) crossing at mouth, ab Vaughin and 44 miles iorth
of Home,  Stream enters Vaughn Bay fram morth,
KP1z1 Racky Creel NEL see, 27, T. 22 N., R. L W., at higlway 18.1 1092, 1566 3.49 A, 29, 1947
srozsing, 500 iU sbove mouth and 21 --les east
ol Altyre
KP1zez Unnanied stream Sisec. 4, T.22N., R. 1 W., atroad cross- 2.71 1092, 1566 0.32 fug. 28, 1947
(ribyitary to Coulter ing, 0.2 mile above moulh and 2z miles south
Creek} of Belfair,
KP1Z3 Unzne strean SELNW! sec. 9, T. 22 N, R, 1 W., airoad 1,03 1092, 1566 1.27 Aug, 23, 1947
{taahutary 1y Couller crossing clamaiti and 2 374 miles south of
Crock) Belfair,
KP124 Unnamed. straam SWi cee, §, T. 22 N., R, 1'W., 50 ft above 0.20 1092, 1566 1.14 Aug, 28, 1947
{tributary to Coulter month and 3 miles south of Belfair, Stream enters
Creci) Conlter Creek above stalioh 126.
KPJIZ5 Caulter Creck SWasec. 9, T.22N., R, 1W,, 200 ft bove  14.] 1092, 1566 15.1 Jily 30, 1947
vaad crosging At mouth and 12 miles narth af
Allyn.
BAINBRIDGE ISLAND
BAl Unnened strean: SE:SCY sec. 15, T. 25N, R.2ZE., 501 1.54 {a) 0.19 Awg. 7, 1961
(iributary o KMarden beiow road crossing near mouth .
Covel
BAZ Unnamed stream SWASWY sec. 21, T. 25 N., R, 2°E., atroad 0.67 (@ 0.34 Aug, 7, 1961
(trihotary ta Fletcher cressing on Bainbridge |sland.
Bay)
BAZ Unuaed stream SEINW: sec. 9, T. 25 N., R. 2 E., at neouth. 1.57 {(a) 0.31 A, 7, 1961
(leibutary to Blanzanitia
Bay!
VASHON AND MAURY ISLANDS
VA Unnamed strean NEMSEz sec. 29, T 23 N., R, 3 E., atnomth,  0.64 {a) *0.08 Aur, 4, 1961
Cribetary to Puset
Sound}
VAZ Unnamed stroam NEZSES sec, 29, T. 23 N., R. 3E., at foot 0.43 (a) .12 Aug, 4, 1961
{rihutary to Puget bridge 100 ft above mouth,
Sound)
VA3 Unnamec strean AL sonibeast corser see. 5, T, 22 N, R. 2 €, 0.90 al G.44 Aug, 4, 1961
{irihuiary to Tramp GG ft above mouth.
Harbor)
Va4 Unnamed stream NEANEY sec. 8, T. 22 N.,R. 2E., 10 ft 0.73 {a) 0.53 Aug. 4, 1861
(ribizary to Travp chove raad crossig at month.
Harbar)
wAl Unnamed stream SEINEY cec. 15, T. 22 M,, R, 3 E., 2t road 0.32 [RY) Dry Avg, 4, 1961

{tributary to Tramp
Harbot)

Crossing.

{a) Swface Waler Recards of Washington, 19461,

*

£stimaied
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Drair., B3 s i e Minimum dischirae measiiod
Wa. Stream Lagation area r u‘;i,:fg;?”
Mo, tsg i ST Cfs ate
VASHON AND MAURY ISLANDS
{cantinged)
Maz Unnamed: stream SELSWS sec. 16, T. 22 M., R. 3B, atmouth, 0,53 {a) 0, 04 Aun.q, 1963
(tributary-to- Quarter=
mater Harbior)
VAS Unnamed: siream SEXSWE sec. 8, T. 22 N., R, 3 E., helow 0.4% (a) .10 Ay, 4, 1961
(tributdry to Guarter- duck pand at mouth.
master Harbor)
Ve Jdude Greel NWANES sec, 18, T.22 N8, B3 E., 0.1 mile  5.04 2y 2,10 July B, 1967
ahove road crossing ab mouth,
VAT Fisher Creek SWANW sec. 19, T, 22N, R, 3 E., 150°F 1,95 tal .88 Aug. 4, 1961
below road crassing ak mouth,
VAR Usnamed stream NELSEY sec. 24, T.22N., R.2E., 100 & 0.44 {a) 0,14 Aug. 4, 1961
(tribitary: Lo Quarter~ above mowth,
master Harlior)
VAY Tahlequah Cresk SEFSES sec. 2, T. 21 No, Re 2°EL, 400 Tt 1,17 (al 0.52 Aud, 4, 19671
above mouth.
VALD Unnamed stream NEXSES séc. 34, T. 22 N, R. 2°E.,atmouth, 0:06 {al *0.4 Aug. 4, 1961
ttributery to Calvos
Passage)
VALY Usnamed stieam SEANWE Sec. 26, T. 22°N., R, 2 £., near 8.17 {a} Q4 Aug, 4, 1967
{tributary to Calvos arouth.
Passage)
VALZ Jod Creek MNWINWE sec. 34, T. 22 N, R.2ZE., at G.77 fal 0.78 Aure, 4, 1961
ol
VALS Green Valley Creck SWiNELsee, 11, T, 22N,,R. 2 E,, 3001 .42 {a) 0,88 Aug, 4, 19467
abovemouths
VAL4 Unnamed stredm SENEL 6. 35, T, 23 M., R, 2 E., at road 0,07 (&) )06 Sug. 4, 1961
(tributary ta Colvos cragsing 0.8 mile south of cove.
Pasgage)
VALS Needle Creek SWASWL sec. 18, TL23 M., R.3E., 60 ft 2,33 (a) 0.23 Aug. 4, 1961

below road crossing near mouth,

{a) Surface Water Records-of Washington, 1961,
# Estimated.
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WATER RESQURCES AND GEOLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

UNION RIVER NEAR, BREMERTON
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Figure 31, MAXIMUM-MINIMUM DISCHARGE HYDROGRAPHS FOR YEARS 1946-59,
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UNION RIVER NEAR BEREMERTON
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WATER RESOURCES AND GEOLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

UNION RIVER NEAR BELFAIR
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UNION RIVER NEAR BELFAIR
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Figure 33a. FLOW-DURATION CURVES FOR OCTOBER, Figure 33h. FLOW-DURATION CURVES FOR JANUARY,
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MMISSION CREEK NEAR BREMERTON
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Figure 42a. FLOW-DURATION CURVES FOR CCTOBER,
NOVEMBER, DECEMBER 1946-53.

100 :
30 R
60 ]
IS SN R —
40
30}
20
Jaa,
Feh. -----
Mat. .o
10
&
é N
§ T
3 i S
2 .
1 5 10 20 3040506070 80 90 95 99

Percent of time

Figure 42¢. FLOW-DURATION CURVES FOR APRIL,
MAY, JUNE 1946-53.
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Figure 42b, FLOW-DURATION CURVES FOR JANUARY,
FEBRUARY, MARCH 1946-53.
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Figure 42d, FLOW-DURATION CURVES FOR JULY,

AUGUST, SEPTEMBER 1946-53.
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Figure 44, MAXIMUM, MINHIUM AND AVERAGE MONTHLY

WATER RESOURCES AND GEOLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS
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Figure 45, FLOW-DURATION CURVE FOR THE PERIOD
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Figure 465, FLOW-DURATION CURVES FOR JANUARY,
FEBRUARY, MARCH 1946-53.
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Figure 50d. FLOW-DURATION CURVES FOR JULY,

AUGUST, SEPTEMBER 1946-60.

DNR-00005466



80

Discharge, in cfs

Discharge, in thousands of acre-fest

500 , - e
0
; R0 S WO A | S i\
i I \ : ,\\ !’l\,ﬂ. i 4 J\\"-. h-,i1 i
- : ’?i AL ]\4\\] VAL
t L 3 W VAL L. TN I
RN
50 LA o
4 T Ve \'; ' 1
= i i I
o | S |
i H s H
g | VAR AT
= o e e B 2 v
5 |7 i S
v TR
I
1 L& |
i 4 !
e =
Y O e e S e s
Qct Nov Dee. I Jan, I
Figure 51.
= E
6 -
Lo
| |
4 i kS SN SN S N —
i
 reertEars
JLALS

WATER RESOURCES AND GEQOLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

TAHUYA RIVER NEAR BREMERTON

Figure 52, MAXIMUNM, MINIMUM AND AVERAGE MONTHLY

DISCHARGE FOR THE PERIOD 1945-56.
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Figure 54¢, FLOW-DURATION CURVES FOR APRIL,

MAY, JUNE 1946-56.
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Figure 58a. FLOW-DURATION CURVES FOR OCTOBER,
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Figure 62c. FLOW-DURATION CURVES FOR APRIL,

MAY, JUNE 1946-56.

Figure 62d, FLOW-DURATION CURVES FOR JULY,
AUGUST, SEPTEMBER 1946-56.
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Figure 70&. FLOW-DURATION CURVES FOR OCTOBER, Figure 70b, FLOW-DURATION CURVES FOR JANUARY,
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Table 12, MAXIMUM-MINIMUM DAILY DISCHARGE RECORDS, UNION RIVER NEAR BREMERTON
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SURFACE-WATER RESOURCES

Table 13, MAXIMUM-MINIMUM DAILY DISCHARGE RECORDS, UNION RIVER NEAR BELFAIR

Maximum dally diseharge of Unton River near Belfalr; Tor years 1947-59
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Winimune dally. discharge of Unlon River near Belfalr, for years 1947-59
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SURFACE-WATER RESCURCES
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MAXIMUM-MINIMUM DAILY DISCHARGE RECCORDS; MISSION CREEK-NEAR-BELFAIR

Maximunidaily discharge of Misslon Creek near Belfalr; for years 1946-53
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Maxfnum datly dischargé.of Gold Creek yiear Bremerton,: for years 1946-60
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WATER RESOURCES AND GEQLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS
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Table 16, MAXUMUN=MINIMUM DAILY DISCHARGE RECORDS, GOLD CREEK NEAR BREMERTOM
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SURFACE-WATER RESQURCES 97
Table 17. MAXIMUM-IINIMUM DAILY-DISCHARGE RECORDS, TAHUYA RIVER NEAR BREMERTON

Maximum daily discharge-of Tahuya River near Beémerton; for years 1945-56

Day Ot Nov. Dec. Jan, Feb. Wdar., Apri Way June Jiily Aug., Sept.
3 4.0 g1 167 102 134 79 65 1é 16 6.2 2.4 1.7
2 3.8 116 170 158 203 77 54 16 15 4.1 2.2 1.7
3 3.8 448 120 170 134 90 45 33 14 3.2 2.1 1.7
4 4.3 323 124 173 121 106 38 40 14 35 2.0 1.9
5 4.3 150 110 302 102 135 35 44 13 3.9 1.9 1.8
6 4.9 90 106 374 80 118 23 &7 11 4.1 1.8 1.8
7 3.8 66 106 269 76 38 20 60 10 4.9 1.8 1.8
8 5.2 48 30 200 172 65 29 47 9.2 2.0 1.8 1.8
9 6.0 39 95 190 367 79 40 39 11.5 6.2 1.7 1.9

10 8.0 34 118 140 271 104 45 35 11.5 5.9 1.8 1.9

11 8.6 40 98 180 162 77 130 29 9.5 74 1.8 1.8

12 9.0 100 116 160 118 59 143 30 8.0 5.0 1.7 1.8

13 7.5 30 85 140 281 45 88 44 6.9 4.1 1.8 2.3

14 7.3 82 66 100 275 41 &6l 56 .7 5.8 1.7 2.3

15 15 65 a1 25 192 &2 46 53 7.5 4.4 1.7 4.3

16 35 100 72 153 215 70 41 46 9.2 4.1 1.9 4.0

17 48 135 106 117 262 69 45 42 7.5 3.8 1.7 7.0

18 110 222 100 103 184 63 4% 36 6.2 3.0 2.3 4.5

19 212 294 94 120 234 90 35 28 6.9 3.3 1.7 3.0

20 110 156 122 150 272 88 29 26 6.5 2.8 .7 3.8

21 65 141 232 391 255 104 24 24 6.5 3.0 1.7 3.5

22 45 121 215 371 385 148 22 21 5.8 2.4 1.7 3.2

23 40 101 141 167 243 232 21 18 5.5 2.2 1.7 3.0

24 45 128 121 129 142 167 18.5 16 5.2 2.2 1.7 4.0

25 51 181 115 174 a5 110 22 14 5.2 1.9 1.7 10

26 54 166 95 180 132 a2 23 14 4,9 2,5 1.7 4.5

27 46 264 79 129 114 63 22 13 4.6 3.4 1.8 4.6

28 40 170 143 110 84 54 21 20 4.3 3.5 2.5 5.2

29 52 131 164 109 56 19 22 6.6 3.4 3.5 5.2

30 51 139 110 201 - 72 18 22 7.9 2.9 2.8 4.6

31 43 - 95 166 - 77 - 19 - 2.6 1.8 -

Mintmum-dally discharge of Tahuya River near Bremerton . for years 194556
1 0.2 0.2 0.6 12 7.7 10 7.7 7.0 1.5 0.8 0.4 0.1
e 0.2 0.2 0.9 12 7.7 10 7.0 5.8 1.4 0.8 0.4 0.1
3 0.2 g.2 2.0 11 7.7 10 6.0 3.3 1.3 0.4 0.4 .1
4 0.1 0.2 6.0 10 7.7 9.4 5.8 2.4 1.5 0.2 0.4 0.1
5 0.1 0.2 6.5 9.5 7.3 3.5 5,8 3.3 1.2 0.2 0.4 a.1
5 0.1 0.2 6.2 9.5 5.9 3.2 5.6 2.4 1.5 0.2 0.2 0.1
7 0.1 0.2 6.0 9.5 7.3 8.5 5.2 3.3 1.5 0.2 0.4 0.1
g 0.1 0.2 5.8 2.0 7.3 9.1 9.4 3.6 1.5 0.3 0.4 0.1
9 0.2 0.3 5.8 9.5 9.1 10 9.1 3.1 1.4 0.4 0.4 a.1

10 0.2 0.8 6.0 14 14.5 9.6 3.8 2.2 1.3 0.6 0.3 .1

11 0.2 1.0 6.5 15 14.5 11 8.0 2.7 1.1 0.6 0.3 8.2

12 0.2 0.9 7.7 16 14 10 8.0 2.2 1.3 0.6 0.3 0.1

13 0.2 1.2 12 14 13 9.1 7.2 2.2 1.3 0.5 0.3 9.1

14 0.2 1.5 11 12 12.5 3.1 5.6 2.1 1.3 0.4 0.3 0.2

15 0.2 0.9 10.5 11 11.5 8.1 5.0 2.1 1.1 0.4 0.3 0.2

1a 0.2 0.7 9.8 10 11.5 7.7 4.7 2.1 1.1 0.4 0.3 0.2

17 0.2 0.5 14 9 11.5 7.3 4.5 2.9 1.0 0.3 0.2 0.2

18 0.2 0.3 15 8 11.5 9.1 5.2 3.6 1.0 0.2 0.2 a.z

12 Q0.2 0.2 14 14 13 7.7 6 3.1 1,0 0.2 0.2 a.2

20 0.2 0.2 13 13 13 7.3 6 2.1 1.0 0.2 0.2 0.2

21 0.2 0.2 12 13 12 12 5.5 2.2 Q.2 0.2 0.2 0.2

22 0.2 0.2 12 11 11.5 11 4.9 1.6 a.9 0.2 0.2 4.2

23 0.2 0.2 17 11 11.5 10 4,7 2.1 a.5 0.3 0.2 0.1

24 0.2 0.3 17 10 11.5 10 3.3 1.9 0.4 0.3 0.2 a.1

25 0.2 0.2 16 9.1 12.5 9.3 2.7 1.9 0.4 0.3 0.2 0.1

26 0.2 0.3 16 B.6 11,5 7.9 2.7 1.8 0.4 0.3 0.2 0.2

27 Q.2 0.2 15 8.6 10.5 7.4 3.2 1.8 0.5 0.2 0.2 0.2

28 g.2 0.3 15 8.1 11 7.0 3.7 1.8 0.8 0.3 0.2 0.2

29 0.2 0.3 14 3.1 7.4 5.0 1.6 0.8 0.4 0.2 0.2

30 0.2 0.4 14 8.1 - 9.2 6.7 1.6 0.8 0.2 0.2 g.2

21 0.2 - 12 7.7 - 8.1 - 1.5 - 0.2 0.2 -
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WATER RESOURCES AND GEOLOGY OF THE KITSAPPENINSULA AND CERTAIN ADJACENT ISLANDS

Table 18, MAXHAUN-MINIMUM DAILY DISCHARGE RECORDS, PANTHER CREEK NEAR BREMERTON

98

Maximum daily ¢ischarge of Panther: Creék tiedr Brenerton; foryears-1945-53
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SURFACE-WATER RESQURCES
Table 19. MAXIMUM-MINIMUM DAILY DISCHARGE RECORDS, TAMUYA RIVER NEAR BELFAIR

Maximum daily discharge of Tahuya River near Belfair; for years 1945-56

Dec.

387
469
291
308
269

284
228
188
210
286

217
303
194
159
202

170
247
202
204
292

525
511
339
289
287

231
192
316
300
254
218

Jar,

273
402
450
421
667

598
446
490
514
340

428
452
342
241
262

414
306
263
308
301

750
1,000
450
279
397

405
300
280
250
480
400

Feb.

400
416
283
300
250
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177
397
700
543

378
247
510
563
396

457
505
314
426
468

479
840
562
3326
224

318

240
182

fiae.
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175
192
262
318
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184
140
156
198

140
105
89
23
112

127
135
1585
217
182

236
239
514
390
256

190
144
127
132
lé6
182

Apra
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117
97
31
85
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61
76
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77

338
323
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152
113

10
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87
72
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46
41
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112
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Table 20. MAXIMUM=MINIMUM DAILY DISCHARGE RECORDS, DEWATTO-CREEK-NEAR DEWATTO

Day

LY £ Gk B it

WATER RESOURCES AND GEQLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS

Oct.

38
51
30
26
28

28
28
28
25
85

55
38
30
54
62

76
149
3324
521
229

140
98
90

138

133

95
73
111
143
123
106

1L.5
11.5
11,5
11,5
11

11.5
11.5
11.5
12
12

12
12
12
11.5
11.5

12
1z
12
12
12.5

13
12.5
12.5
13
13

12.5
12.5
12.5
13
14
14

Nov.,

228
167
126
100

8d

68
G0
59
49
&8

143
239
193
164
167

274
239
149
133
816

717
450
370
209
348

573
1,040
377
270
243

13,

13
13

12,

13

12.
12,
12.

13
16

16
16
16
16
17

17
L&
15

14,
14.

14
14
14
14

13,

13.
13.
13.
13.
14.

5

i

i

Uy Ln A g

Maximum:dally discharge of Dewatto Creek neéar Dewatto, for years 1947-54 195860

Dec.

385
495
293
326
286

187
237
214
210
286

203
341
203
214
572

347
310
292
261
371

270
248
259
291
216

226
332
433
410
254
179

MInimum daily discharge of Dewatto: Creek near Dewatta, for years 1947-541958-60

© 20
29
28
25
24

24
24
24
23
25

29
26
39
37
37

26
43
43
40
39

37
26
63
55
48

43
42
46
63
58
57

Jan.,

154
4320
535
447
931

773
525
439
536
346

380
394
299
222
237

406
281
241
298
308

740
780
426
556
498

406
274
261
827
726
522

53
49
46
43
42

43
43
47
43
42

42
41
29
45
45

42
41
41
40
40

39
41
40
38
40

36
33
32
31
31
30

Feb.,

493
326
2838
374
272

260
486
508

1,000
720

391
283
703
436
475

639
668
239
516
558

564
1,330
760
350
318

524
299
195

29
29
29
29
28

29
28
30
35
&0

56
5z
50
70
70

74
69
66
62
&0

59
56
55
54
63

&0
57
54

Mar.

147
140
221
330
348

267
183
152
206
220

151
127
144
124
123

182
175
217
279
221

219
268
173
195
177

152
143
120
154
272
239

52
49
51
49
a7

46
45
44
43
42

46
45
43
42
40

39
38
42
38
27

60
58
55
53
50

49
49
46
45
44
43

Apr.

224
147
116
101
134

115
92
117
117
94

g1
83
g1
104
1290

138
154
120
119
291

226
144
113
108

94

86
76
70
192
408

42
50
51
50
47

45
44
42
40
40

39
39
40
39
36

36
36
35
35
34

23
32
31
31
31

31
37
35
34
28

May

193
123
100
104
104

153
127
105
91
g8g

74
79
115
158
146

116
102
38
79
70

63
60
b5&
51
49

47
47
72
62
58
51

37
36
24
33
31

31
32
32
30
28

28
27
26
26
26

26
27
27
28
28

27
26
25
24
24

24
23
23
23
23
23

June

48
45
44
42
40

37
36
34
33
31

36
36
37
36
32

31
32
31
30
31

31
20
20
28
28

28
27
26
24
24

23
23
22
22
22

22
21
21
21
21

21
21
21
20
19

19.
19.
19,
19.
19,

o

Lot e L

July

30
25
23
24
24

27
25
24
23
28

23
23
21
21
21

21
19.
20
22
21

15
15
15
15
15

15
15
15
14
14

16
15
16
16
15

16
15
14
15
15

15
15
15
15
i5

15

14.
14
13
13

Aug.

17.5
17.5
17.5
18

18.5

20
19.5
18
18
18.5
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Table 21, MAXIMUM-MINIMUWM DAILY DISCHARGE RECORDS, ‘DOGFISH CREEK NEAR POULSRO

Maximum daily discharge of Dogfish Creek near Poulsbo, Tor years 1947-60

Decs Jan. Feh. Iar . Apr, May June July Aug. Sept.

Qct.. Nav.

Day
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Minimum daily discharge of Dogfish Creek near Poulsho, for years 1947-60
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Mar, Apr. May June July Aug. Sept,

Feb,

Maximuns dafly discharge of Huge Creel near Wauna, for years 1947-60
Jan.

Dec.,

WATER RESQURCES AND GEQLOGY OF THE KITSAP PENINSULA AND CERTAIN ADJACENT ISLANDS
Nov.

Table22. MAXIMUM-MINIMUM:DAILY DISCHARGE :RECORDS, HUGE CREEK -NEAR WAUNA

Oet.
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Table 23, MAXIMUM, MINIMUM, AND AVERAGE OF THE MONTHLY DISCHARGES, IN ACRE-FEET, FOR THE PERICD 1946-59

UNION RIVER NEAR BREMERTON.

October | November | December | January February March April May June July August l September
Maximum 1,140 2,800 2,620 14,320 2,910 2,010 1,180 1,000 660 914 736 © 1,130
Minimum 36 58 308 361 291 541 260 105 70 39 28 30
Average 367 1,240 1,373 |1,689 1,470 911 576 | 370 242 230 179 193
Table 24. DISCHARGE, IN CUBIC FEET PER SECOND, EQUALED QR EXCEEDED FOR SPECIFIED PERCENT OF TIME--1946-59

UNION RIVER NEAR BREMERTON.

R Perce_nt of time
1 5 10 20 30 40 50 &0 70 a0 30 g5 99

October 45 24 16 9.0 5.7 3.8 2.6 1.7 ' 1.2 0.9 0.7 0.6 0.5
November 140 64 a7 33 24 17 12 8.5 5.4 3.0 1.4 0.9 0.6
December 90 58 47 35 28 22 17 13.5 10.5 7.4 4.6 3.0 1.2
January 160 95 70 44 30 19 14.5 11.5 9.5 8.0 6.0 4.0 1.8
Fehruary 170 87 60 36 25 19 15.5 12.5 10.5 8.5 6.5 5.0 3.0
March 60 37 30 21 16 13 10.6 9.3 8.0 7.0 6.0 5.4 4.7
Aprit 45 22 16.5 12 9.6 8.4 7.4 6.6 5.8 5.0 4.2 3.7 3.0
May 31 19 14 9.0 6.0 4.6 3.7 3.2 2.8 2.4 1.8 1.4 .7
June 15 i3 11 7.4 4.2 2.9 2.3 2.0 1.8 1.5 1.2 0.9 0.6
July 20 15.5 13 8.0 2.2 1.6 1.3 1.1 1.0 0.9 0.8 0.7 0.6
August 15 12.5 10 6.0 1.4 1.0 9.9 0.8 0.7 0.6 9.5 0.5 0.4
Seplember 25 17 12.5 6.0 1.4 1.¢ 0.8 0.7 0.6 0.6 0.5 Q0.5 0.4
Period 100 45 30 17 12 9.0 6.6 4.3 2.2 13 0.8 0.6 a.4
Table 25. MAXIMUM, MINIMUM, AND AVERAGE QF THE MONTHLY DISCHARGES, IN ACRE-FEET, FOR THE PERIOD 1947-59

UNION RIVER NEAR BELFAIR.

Qctober | November | December| January February ‘ March Aprlt May June July August | September
Maximum 4,110 3,650 2,310 | 15,400 | 10,770 I 8,230 | 3,980 3,560 2,240 { 1,640 1,480 1,510
Minimum 1,200 1,040 3,050 2,370 3,050 2,610 | 2,020 1,680 1,330 | 1,140 395 924
Average 2,085 3,885 5,396 6,753 6,227 1,413 | 2,990 2,327 1,703 | 1,413 1,241 1,209
Table 26. DISCHARGE, IN CUBIC FEET PER SECOND, EQUALED OR EXCEEDED FOR SPECIFIED PERCENT OF TIME--1948-59

UNION RIVER NEAR BELFAIR.

Percent of time
1 5 10 20 30 40 50 60 70 20 90 95 99

QOctober 150 81 59 39 30 26.5 24 22 21 20 i9 18 15.8
November 540 180 135 883 61 47 38 31.5 27 23 19.8 17.8 15.8
December 360 210 160 121 100 34 72 60 50 41 31.5 26 19
January 480 315 235 160 120 30 70 57 48 41 36 32 28
February 690 310 210 145 115 g2 75 63 53 44 36.5 32.5 28
March 260 155 125 93 73 62 55 49 45 42 38 36 33
April 125 88 72 58 51 a7 44 42 40 38 36 34 31
May 108 67 48 41 38 37 i 36 34 32 30 28 26.5 24
June 50 35.5 34 32.5 31 30 ! 29 28 26.5 25 23,7 22.7 21
Juty 33 29 28 26.5 25.5 25 24 23 22 20 5 19 18 i7
August 28 25 24.3 23.2 23 22.2 21.5 20.8 19 17.8 16.4 15.8 14.8
September 47 28.5 25 23.5 22.5 21.5 20.5 19.5 18 17 15.8 15 14.7
Period 340 160 110 68 51 41 34.5 29 25.5 22.5 19.5 17.8 15.8
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Table 27. MAXIMUM, MINHMUM, AND AVERAGE OF THE MONTRLY DISCHARGES, IN ACRE-FECT, FOR THE PERIOD 1945-53
MISSION CREEK NEAR BREMERTON.

Qctober | November | December | January February March April May June July August | September
Maximum | 350 1,080 1,520 |2,310 1,270 1,190 773 601 203 51 20 28
Minimum 0 0 496 382 630 269 170 41 16 0 0 0
Average 96.273_ 474 932 11,095 1,018 596 332 179 59.53 | 19.24 2.682 3.455

Table 28, DISCHARGE, IN CUBIC FEET PER SECOND, EQUALED OR EXCEEDED FOR SPECIFIED PERCENT OF TIME--1946-53

MISSION CREEK NEAR BREMERTON,

Percent of time

|
1 5 10 20 30 40 50 60 70 30 20 95 29

October 22 8.8 5.8 1.6/ 10| 06 0.2 01! o 0 o | 0 0
November 50 32 23 14 2.0 6.4 4.2 2.5 1.2 0.6 0 0 Q
December 50 36 31 24 20 15.5 12 9.7 8.0 6.8 5.3 1 4.0 1.5
January 68 47 38 30 23 17.5 12.5 9.3 7.2 5.7 4.6 4.1 3.5
February 100 az 38 28 22 18 14.5 11.5 G.0 6.2 4.9 ¢+ 3.7 3.0
March 34 22 18 14 11.5 9.6 8.0 6.7 5.6 4.8 4.2 ' 4.0 3.6
April 29 12.5 8.8 7.0 6.2 5.4 4.8 4.2 3.6 3.0 2.4 2.0 , 1.0
May 15 11 7.2 3.6 2.8 2.4 2.0 1.7 1.4 1.0 0.6 : 0.9 ° 0.1
June 5.4 3.5 2.3 1.2 1.0 0.8 0.6 0.5 0.4 0.3 0.1 1 0 i 0
July 1.5 1.2 1.0 0.7: 0.5 0.3 0.2 0.] 0.1 0 0 0 0
August 0.4 0.4 0.3} 0.1 0 0 0 | 0 0 0 0 0 i 0
September 1.0 0.6 0.3 0.1 0 0 0 Q 0 0 0 0 ! 0
Period 47 32 20 11 7.3] 4.5 25| 11| 04| o 0 0 l 0
Table 29. MAXIMUM, MINIMUM, AND AVERAGE OF THE MONTHLY DISCHARGES, IN ACRE-FEET, FOR THE PERIQD 1946-53

MISSION CREEK NEAR BELFAIR.

QOctober | November | December | January February March Aprll May June July Auqust | September
Maximum 715 1,780 3,090 |5,640 3,100 2,130 | 1,220 1,080 252 56 36 i34
Minimum 13 22 1,070 582 1,180 608 207 63 28 14 12 6.1
Average 162 857 1,822 |2,219 2,076 1,068 526 276 74 36 25 18.728
Table 30. DISCHARGE, IN CUBIC FEET PER SECOND, EQUALED OR EXCEEDED FOR SPECIFIED PERCENY OF TIME--1946-53

MISSICN CREEK NEAR BELFAIR,

Percent of time
1 5 10 20 30 30 50 60 70 80 30 95 99

October 50 16 11 0.9 0.7 0.6 Q.5 0.4 0.4 0.3 0.3 0.2 0.2
November 100 59 43 27 19 14 10 5.5 1.3 0.7 0.5 0.4 0.3
December 90 70 63 50 41 33 27 21 16 12 7.2 4.1 2.5
January 140 80 66 46 32 23 19 15 12.5 9.0 4.3 2.8 2.0
February 250 110 78 53 40 33 27 22 17 13 7.4 4,5 3.0
March 70 41 34 26 21 18 15 12.5 10.5 9.0 7.6 6.9 6.0
April 55 20 15 12 10.5 3.6 6.6 5.0 3.9 ¢ 3.2 2.7 2.4 2.0
May 30 i 21 13 5.8 3.7 2.7 2.0 1.6 1.3 1.0 0.9 0.7 0.6
June 8.5 5.0 3.7 1.2 1.0 0.9 0.8§ 0.5 0.8 . 0.7 0.6 6.5 0.4
July 1.1 1.0 0.9 0.8 0.8 0.7 0.7 0.6 0.6 | 0.5 0.3 0.2 0.2
August 0.8 0.7 0.6 0.6 0.5 0.5 0.5 0.4 0.4 0.3 0.3 g.2 0.2
September 0.9 0.6 0.6 0.5 0.4 0.4 0.3 0.3 0.2 0.2 0.1 0.1 0
Period 94 53 36 21 13 8.0 3.0 1.0 0.7 0.5 0.4 0.3 0.2
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Table 31. MAXIMUM, MINIMUM, AND AVERAGE OF THE MONTHLY DISCHARGES, IN ACRE-FEET, FOR THE PERIOD 1946-60
GOLD CREEK NEAR BREMERTON.
Qctober | November | December| Jaauary February March Aprll May June July August | September
Maxlmum 535 1,350 1,120 { 1,800 1,410 1,180 582 472 184 92 63 70
Minimum 31 56 586 236 408 318 152 86 a7 34 26 23
Average 162 562 734 845 758 535 351 184 78 59 41 43
Table 32, DISCHARGE, IN CUBIC FEET PER SECOND, EQUALED OR EXCEEDED FOR SPECIFIED PERCENT OF TIME--1946-60
GOLD CREEK NEAR BREMERTON,
- Percent of time
1 5 10 20 30 40 50 60 70 N 80 90 95 99
Qcioher 22 10.2 6.3 3.1 2.0 1.5 1.2 1.0 0.8 0.7 0.5 0.4 0.4
November 74 30 21 13.5 9.3 6.8 5.2 4.0 3.1 2.1 )2 1.0 0,7
December 47 29 23 17.0 13.5 11.3 9.5 8.0 6.6 5.4 4.1 3.4 2.5
January 68 39 29 20 14.5 11.3 8.8 7.2 5.9 4.8 3.8 3.1 2.2
February 77 39 26 17.5 14.0 11.5 3.5 8.0 6.7 5.4 4.2 3.4 2.5
March 34 20.5 16.0 12.3 9.8 7.8 6.5 5.5 4.9 4.3 3.8 3.4 2.8
April 24 13.0 10.2 7.5 6.2 5.4 4.7 9,1 3.6 3.0 2.6 2.3 1.9
May 12.5 6.1 4.6 3.5 3.0 2.7 2.4 2.2 2.0 1.8 1.5 1.3 1.1
Jupe 4.6 3.0 2.5 2.0 1.8 1.6 1.5 1.3 1.2 1.1 1.0 0.8 0.6
July 2.2 1.7 1.5 1.2 1.1 1.0 ¢.2 0.8 0.3 0.7 0.6 0.6 0.5
August 1.5 1.1 1.0 0.9 0.8 0.8 Q.7 0.6 0.6 0.5 0.5 0.4 0.4
September 2.2 1.3 1.1 0.9 0.3 3.7 0.6 0.6 0.5 0.5 0.4 0.4 0.4
Period 45 21.5 15 9.1 6.2 4.3 3.0 1.9 1.2 0.9 0.6 0.5 0.4
Table 33. MAXIMUM, MINIMUM, AND AVERAGE OF THE MONTHLY DISCHARGES, IN ACRE-FEET, FOR THE PERIOD 1945-56
TAHUYA RIVER NEAR BREMERTQN.
October | November | December | January February March April May June July August | September
Maximum 1,660 5,000 5,010 {7,380 6,460 4,110 | 1,890 1,960 467 144 110 156
WMinimum 11 25 3,790 {1,160 1,290 977 412 171 68 27 19 12
Average 496 2,390 2,966 |3,376 3,132 1,911 3994 492 208 103 51 55
Table 34. DISCHARGE, IN CUBIC FEET PER SECOND, EQUALED OR EXCEEDED FOR SPECIFIED PERCENT OF TIME--1946-56
TAHUYA RIVER NEAR BREMERTCN.
o Percent of time
1 5 10 20 30 40 50 60 70 80 90 95 99
Qctober 90 44 23 10 5.0 2.7 1.9 1.5 1.1 0.6 g.2 ¢ 0.1 0.1
November 260 155 1i0 70 46 32 22 14.3 3.5 4.1 1.2 ¢+ 0.5 0.2
December 180 125 98 73 58 47 39 32 26 20 14 10 4.5
January 300 180 130 86 62 45 33 26 21 16.5 13 11 8.5
February 280 180 130 78 57 45 37 29 22 16 11,51 9.5 7.0
fdarch 140 85 65 46 26 29 23 18 15 i2 9.8 | 8.5 7.0
April 72 38 32 24 19 15.5 13 11 9.5 8.0 6.5 | 5.4 3.5
fiay 54 28 14 8.4 6.7 6.0 5.4 4.9 4.4 3.8 3.0 1 2.5 1.8
June 13 7.8 6.0 4.5 3.7 2 2.8 2.5 2,1 1.8 1.4 1 1.1 0.7
July 6.0 3.9 3.1 2.5 2.1 1.8 1.5 1.2 1.0 0.7 0.5 0.4 0.2
August 2.3 1.7 1.5 1.3 1.2 1.0 0.8 0.6 0.5 0.4 0.3 | 0.3 0.2
September 5.5 3.1 2.0 1.2 0.9 0.8 0.6 0.5 0.4 c.3 0.2 : ¢.2 Q.2
Period 180 92 62 36 23 14 7.7 4.0 2.2 1.1 0.6 | 0.4 0.2
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Table 35 MAXIMUN, MINIMUM ;- AND AVERAGE OF THE MONTHLY DISCHARGES; IN-ACRE-FEET, FOR
PANTHER CREEK NEAR BREMERTON.

THE PERIOD 1945-33

October | November | December | January February March April May June July August | September
Maximum- 220 423 724 1;200 650 565 244 284 54 17 4.4 0.4
Minimum 0 Q 163 219 3032 149 44 11 0 4] 0 0
Average 36,51 207 442 531 500 259 109 70 11.6 3.03 0,488 0.04
Table 36,  DISCHARGE; /IN CUBIC FEET PER SECOND; EQUALED OR EXCEEDED FOR SPECIFIED PERCENT OF TIME--1946-53

PANTHER CREEK NEAR BREMERTON,

Bercent of time
L 5 10 20 30 49 50 60 70 g0 a0 95 99

Octobet 11 3.7 1.4 0.2 0.1 0 0 8] 4] o} ¢ 0 0
November 20 15 11.5 6.8 3.7 2.1 1.1 0.6 0.3 0.1 0 4] 0
December 23 18 15 12 9.7 7.9 6.2 4.7 3.5 2.4 1.4 0.9 9.1
January 9 23 20 15.5 12 8.5 6.0 4.8 4,2 3.2 1.5 0.7 0.5
February 50 25 19 13.5 10.5 8.4 &6.7 5.4 4.3 3.2 2.2 1.5 1.0
March 15.5 11 8.8 6.4 5.0 3.8 3.1 2.3 1.9 1.6 1.4 102
April 19 4.4 3.2 2.5 2.1 1.7 1.3 1.1 0.9 0.7 0.5 0.4 0.3
May 8 5.5 3.8 1.5 0.9 0.6 .5 0.4 0.3 042 0.2 0.1 0
June 2.1 1.0 0.5 0.2 0.2 0.2 0.1 0.1 0.1 0 0 0 i}
July 0.9 0.3 0.2 0,1 0 g a Q 0 0 0 0 g
Atigust 0.1 0.1 0.1 0 Q ¢ 0 0 it 0 0 8] 0
September 0 0 i} 0 0 a 6} g 0 5} 0 a 0
Periad 23 14 9.6 5,1 2.9 1.6 0.6 0.2 6.1 ) g 0 0
Table 7. WMAXIMUM, MINIMUM, AND AVERAGE OF THE MONTHLY DISCHARGES, IN ACRE<FEET, FOR THE PERIOD 1945-56

TAHUYA RIVER NEAR BELFAIR.

October | November | December | . January February March April WMay Jineg July Augtist | September
Maximum 3,890 12,040 11,120 | 18;870 | 11,960 9,390 4;280 4810 790 256 34 105
Winimium 0 0 4,310 | 2,410 2,840 27190 715 329 5% 4.8 0 0
Average 872.8 5,097 6,805 1 8,654 6,796 4,176 | 25104 954 261 81:48 184 15.48
Table 38. DISCHARGE, IN CUBIC FEET PER SECOND, EQUALED OR EXCEEDED FOR SPECIFIED PERCENT OF TIME==1946-56

TARUYA RIVER NEAR BELFAIR.

Percent of time
1 & 10 20 20 40 50 66 70 850 20 95 99

Cetober 190 98 48 9.0 4.7 Lid 0.4 0.3 0.2 01 0 0 0
November 660 270 210 145 100 58 44 29 16 2.0 .1 G g
December 400 250 220 170 130 110 90 74 53 4% 29 20 5.0
January 580 410 300 210 150 110 80 &1 50 39 27 20 16
February 560 280 280 170 120 100 80 60 47 35 25 19 13.5
flarch 3210 170 130 97 75 &0 50 49 32 27 22 19.5 16
April 200 95 70 50 40 30 25 20 16.5 14 11 9.2 7.0
May 140 52 26 16 12 ia 8.2 7.0 6,0 5,2 4.0 z.2 2.4
June 23 13.5 9.5 5.4 4.0 3.2 2.7 2.3 1.9 1.5 1.1 0.3 0.2
July 8.0 4.0 3.0 2.0 1.6 1.2 0.9 0.8 0.6 0.4 0.3 0.2 0.1
Auglist 1L 0.8 0.7 0.5 0.5 0.4 0.3 0.3 0.2 0.2 0.1 a a
Septemhber 5.5 0.8 0.4 0.3 0.5 0.2 0.2 0.1 0.1 0.1 0 0 0
Period 400 210 140 30 45 25 13 45 1.5 0.4 0.2 0.1 0
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Table 39. MAXIMUM, MINIMUM, AND AVERAGE OF THE MONTHLY DISCHARGES, IN ACRE-FEET, FOR THE PERIOD 1947-54,

SURFACE-WATER RESCURCES

1958-60, DEWATTO CREEK NEAR DEWATTO.

107

October | November | December | January February March April May June July August | September
MaxImum 5,050 7,940 | 11,540 18,170 | 14,600 10,140 | 6,020 5,176 1,980 1,300 1,130 1,320
Mialmum 752 939 5,840 1 3,610 5,240 3,700 ] 2,330 1,800 1,240 946 794 710
Average 2,043 5,238 7,722 9,872 3,431 5,362 | 3,677 2,604 1,540 1,080 941 G24
Table 40. DISCHARGE, IN CUBIC FEET PER SECOND, EQUALED QR EXCEEDED FOR SPECIFIED PERCENT OF TIME--1948-54,

1959-60, DEWATTO CREEK NEAR DEWATTO.

Percent of time
1 5 10 20 30 40 50 60 70 80 90 95 99
Qclober 240 105 67 35 26 22.5 20 19 18 17 16 15.3 14.5
November 600 230 200 130 20 66 50 37 28 21 16.5 14.8 13.2
December 430 310 250 185 150 120 100 35 70 55 49 31 22
January 750 450 350 250 190 140 105 33 68 55 45 41 36
February | 1,000 500 360 240 180 140 115 95 78 64 50 41 32
March 290 200 160 115 9¢ 77 69 62 58 53 43 44 39
April 230 120 94 75 63 56 51 47 43 40 37 35 33
May 140 83 65 50 42 38 35 33 31 29 27 25 23
June 45 35 31 28 26 25 24 23 22 21 20 19 18
'

July 28 23.5 21.5 20 19 18.2 17.6 17.1 16.7 16,2 15.8 15,2 15 '
August 22.5 20 18.8 17.4 16.5 16 15.4 3 15 14.4 14 13.2 12.7 12
September 41 27 22.5 18.5 17 15.5 14.5 | 14 13 12.5 12 11.6 11.2
Period 500 | 240 | 160 95 68 50 3 26 | 2l 17 14.5 | 13.5 | 12
Table 41. MAXIMUM, MINIMUM, AND AVERAGE OF THE MONTHLY DISCHARGES, IN ACRE-FEET, FOR THE PERIOD 1947-60

D0GFiSH CREEK NEAR POULSEQ.

October | November | December| January February March Aprif May June July August | September
Maximum 493 1,000 1,850 1,950 2,320 1,100 687 629 420 269 299 307
Minimum 249 362 527 425 429 ; 424 319 235 203 153 154 178
Average 378 600 842 1,094 1,067 i 714 481 361 272 2190 211 240

Table 42. DISCHARGE, IN CUBIC FEET PER SECOND, EQUALED OR EXCEEDED FOR SPECIFIED PERCENT OF TIME--1948-60

DOGFISH CREEK NEAR PQULSBQ,

Percent of time

1 5 10 | 20 30 40 50 60 70 80 | 90 95 99
October 22 12 9.5 72| e1| s.5 52| 49| 47| 44| 40| 35 | 28
November 47 28 17 12 95 §.1 7.2 6.5 5.9 5.4 4.7 4.3 | 3.8
Decaiber |- 58 33 24 17 14 12 98| 86|l 78| 68| 60| 55 | as
January 110 50 35 24 19 15 1.5/ 90| 73| 62| ss5| s2 @ 5.0
February | 110 60 38 24 17 14 115, 9.8 24| 7.5| 66| 62 | 58
March 40 25 19 15 12 10 93 83| 76| 69| 62| 535 56
April 20 15 12 9.71 85| 7.6 70| 65| 60 56| 52! so0 . a7
May 18 10.5| 8.0 6.3| 56 53 52| 50| 4.7 43| a0l 38 3.8
dune 10.5{ 7.2] 61| 53| 4.7, a4 az| ao0| 38| 36 | 34 32 | 2.9
July 6.0/ 49| as| 40l 38 3.6 3.4 32| 30| 29 26 25 | 2.0
Avgust 6.0/ 4.9 45| 40 38 36 3.4 33| 31| 30 2.8 27 | 25
September|  10.5| 6.3 5.2 46| 4.3 4.0 38| 37| 35| 33 31 2.9 2.6
Period 52 24 16 11 8.3 6.8 58/ 51| 44| 38 33| 29 | 2.4
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Table 43, MAXIMUM, MINIMUM, AND AVERAGE OF THE MONTHLY DISCHARGES, IN ACRE-FEET, FOR THE PERIOD 1947-60
HUGE CREEK NEAR WAUNA.

Qctober No(rember December | January February March April May June July August | September
Maximum 548 1,370 2,370 2,810 2,870 2,390 982 761 491 371 347 351
Minimum 252 246 306 632 718 549 367 294 273 263 258 250
Average 360 631 1,147 |1,593 1,390 1,027 656 485 364 313 289 287

Table 44. DISCHARGE, N CUBIC FEET PER SECOND, EQUALED OR EXCEEDED FOR SPECIFIED PERCENT OF TIME--1948-60
HUGE CREEK NEAR WAUNA.

Percent of time

1 5 10 20 30 40 50 1 60 70 80 90 95 99
October 16.9 10.1 8.3:! 6.8 6.0 5.6 5.2 4.9 4.7 4.4 4.2 4.0 3.8
November 56 33 20.5% 12.5 9.81 8.3 7.2 1 6.5 5.8 5.2 4.7 4.2 3.9
Decenber 88 48 36 ¢ 25.5 20 i 16.5 13.5 11 9.1 7.2 5.7 4.9 4.1
Jaauary 128 77 58 40 30 22.5 17 12 11 9.2 7.6 6.9 6.1
February 118 65 50 35 27 22 18 - 15 12.5 10.5 8.6 7.5 5.9
March 66 42 33 23 17.5 14 12 10.8 i0 9.3 3.6 8.2 : 7.6
April 29 18 15.3 13 11.7 10.7 9.9 9.2 3.4 7.8 7.0 6.4 5.6
May 20 12 10.6 9.2 8.4 7.7 7.2 6.7 6.3 5.8 5.4 5.0 4.8
June 10.5 8.3 7.5 6.8 6.4 6.0 5.8 5.5 5.3 5.0 4.8 4.6 4.3
July 7.2 6.4 6.0 5.7 5.4 5.2 5.1 4.9 4.7 4.5 4.3 4.2 4.0
August 6.4 5.7 5.4 5.2 5.0 4.8 4.7 4.6 4.5 4.4 4.2 4.1 3.9
September 8.0 6.3 5.8 5.3 5.0 4.8 4.6 4.5 4.4 4.2 4.1 4.0 2.8
Period 70 37 25 14,5 10.6 3.5 7.2 6.2 5.5 4.9 4.5 3.3 4.0
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Table 45. SYNTHETIC ANNUAL RUNOFF RATIOS BY WATER YEARS FOR GRAPEVIEW "AND" VARIQUS

RELATED STATISTICS.

Year Ratio Yaar Ratio Year Ratig Year Ratio Year Ratio
1908 1.16 1919 1.29 1930 0.63 1941 0.76 1952 0.82
1909 1.05 1920 0.89 1831 0.81 1942 0.67 1953 1.00
1910 1.37 1921 1.18 1932 1.18 1943 0.88 1954 1.10
1911 1.12 1922 Q.97 1933 1.31 1944 0.64 1955 0.%0
1912 0.85 1923 0.94 1934 1.36 1945 0.81 1956 1.33
1913 0.94 1924 0.84 1935 1.39 1946 1.10 1957 0.96
1914 1.02 1925 1.03 1936 0.95 1947 0.88 1958 0.90
1915 0.87 1926 0.78 1937 0.88 1948 1,04 1959 1.06
1916 1.31 1927 1.04 1938 1.17 1949 0.95 1960 1.17
1917 0.90 1928 1.04 1939 0.84 1950 1.29
1918 1.07 1929 0.71 1940 0.99 1951 1.33
Standard Threé standard Probab Hici
Period Sum of ratios Mean deviation: from deviations from foadie Cae ',C'e_”t
erio T % X the meéan the mean error of variation
g 35 PE in j/a
cv

1908-33 26.30 1.012 0.193 0.578 0.130 19.03

1934-59 26,00 1.000 0.210 0.629 0.141 20.96

1908-59 52:30 1.006 0.199 0.598 0:134 19.82

1908-60 53.47 1.009 0,199 0.596 0.134 19.69

1946-60 15.83 1.055 0.165 0.495 0.111 15.64

ANNUAL RUNOFF RATIOS

Records from the major stream-gaging stations within
the report area were found to correlate poorly with correspond~
ing records of other nearby long-term gaging stations:. Outside
runaff records consequently could not he used as valid indi-
cators of streamflow conditions within the study area, Gener-
ally the next best indicator of rinoff is precipitation and
records at Geapeview were found to correlate well with most
streams on the Kitsap Peninsula. The Grapeview precipitation
record was therefore used to develop a synthetic indicator of
annual water-year runoff,

Grapeview's annual water-year precipitation was
determined for theyears 1908-60. Estimates of water-vear
evapotranspiration were then made by the Thornthwaite pro-
cedure (see p. 12), and these were subtracted from water-year
precipitation to obtain an estimate of water-year runoff, Com-
puted runoff values were then adjusted further for antecedent
wetness-conditions until optimum correlations were obtained
between computed values for Grapeview and measured values
for'major report area stream gages. Finally the adjusted

values for annual runoff at Grapeview prodiucing the hest
correlations were used to compute ratios of individual water=
year runoff to mean water-year runoff for the 26-year period
1934-59. These synthetic runoff ratios represent percent=
ages of the 26-year mean and canbe used to estimate runcff
for years of missing record for stream gages in the report
area.

All synthetic Grapeview runcff ratios, the means for
the periods 1946-60, 1908-33, and 1934-59, and other
statistics are listed in table 45, The statistics are liseful
in analyzing long~term variations of annual runoff and are
discussed in the section on individual hasin analysis.

Table 46 shows the various degrees of correlation
between synthetic Grapeview runoff and actual measired
runoff of certain report area streams. A value of +1,0 in
this table means-a perfect-correlation; thus the trend-indicates
that more confidence can be placed in estimates of runoff for
streams inthe southern part of the study area than those made
for streams in the northern part,
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Tahie 46, CORRELATION OF SYNTHETIC GRAPEVIEW RUNOFF RATIOS WITH MEASURED
RUNOFF.-OF VARIOUS REPORT AREA STREAMS.

Synthetic Grapeview runoff ratios with measured runoff at -~

Correlation

Stream Gage Period coefficient
Union River near Bremerton - 0630 194659 +0.91
Unlon River near Belfair * 0635 1948-59 +0.88
Mission Creck near Bremerton - 0645 1946-53 +0.92
Mission Creek near Belfair - 0650 1946-52 + 0.94
Gold Creek near Bremerton - 0655 1946-60 +0.90
Tahuya River near Bremerton - 0660 1946-56 +0.93
Panther Creek near Bremerton - 0670 1946-53 +0.96
Tahuya River near Belfair - 0675 1946-56 +0.92
Dewatto Creek near Dewatto - 0685 1948-54, 1959-60 + 0.90
Dogfish Creek near Poulsho - 0700 1948-60 + 0,581
Huge Creek near Wauna - 0735 1948-60 +0:95

Though not as representative of long~term trends,
runoff studies based on'the shorter 1946-60 period are pro-
bably more sound because less estimated data are involved.
The foltowing surface-water analyses were, therefore, presented
in terms of values and statistics evaluated for this period unless
otherwise indicated.

[f-the runoff ratios are valid, mean annual-water-year
ruiioff for the 1946-60 periad should be about 5.5 percent
higher than that during the years 1934-59, This relationship
can be used to adjust short-term 15-year figures to be repre-
sentative of the longer period.  To have a standard basis for
comparison, continuous records of & year or more were adjusted
by means of these runoff ratios to the 1946-60 and 1934-59
petiods and are listed in table 47.

EFFECTIVE PRECIPITATION AND RUNOFF MAP

The isohyetals shown on.plate 4 adequately describe
the'mean annual quantity and distribution of precipitation over
the report area, but interwatershed ground-water transfer and
the associated uncertainties invalved in extrapolating measured
runoff quantities to their place of origin make it difficult to
depict runoff quantities on & map by the same isogram method.

A practical solution to this problem is afforded by using
a hypathetical potential yield quantity called effective precipi-
tation, This is similar to actual precipitation in that it can be
clearly represented by an isegram map. The mean annual
effective precipitation of an area is defined as that portion of
precipitation which is effective in producing mean annual
runoff. Assuming net changes in storage are negligible,
effective précipitation’may alsa be defined 4s the amount of

water remaining in an area after-mean annual evapotranspiration
losses have been subtracted from mean annual precipitation.

If the assumption about starage s correct, and it generally is
over extended periods of time, the effective precipitation of an
area will be equivalent to the amount of rungff produced by the
area. This, however, does not-fimply that atl runoff waters
from a given area will' necessarily drain to the sea within the
same topographic drainage basin boundaries where they
originated as precipitation.

In addition to mean annual precipitation, plate 4 shows
mean annual effective precipitation and actual measured amounts
of runoff.in the report area adjusted to the period 1946-60,
Inallcases, actual runoff values.in'inches of water on.the
hasin appear riear the gage locations and the contributing
drainage areas are outlined in.orange.

Based on the above effective precipitation analysis,
the mean annual yield from land masses within the report area
was about 1,042,000 acre-feet which is equivalentto an
average depth of 29.25 inches of water-over all the land
areas. Themean annual yield foe the Kitsap Peninsula proper
was found to be about 944,000 acre-feet or an equivalent of
30.41 inches of water over this area. . The yield of each stream
basin'is discussed in the Individual Basin Analysis sectio.

LOW FLOWS

In the Kitsap Peninsular-area streamflow usually reaches
an-annual minimum during the months.of August or September hut
oceasionally the lowest flows occur as [ate as Octoher or, in
certain exceptional cases, as early-as July.
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Table 47. MEASURED MEAN-ANNUAL RUNOFF IN INCHES ADJUSTED BY GRAPEVIEW RUNOFF RATIOS 10

THE PERIODS 1946-60 AND 1934-59.

Water years Adjusted mean

Stream Gage of record lgtllngigater yeiué gj:ffsfg
Union River near Bremerton 0630 1946-59 51.95 49.25
Union River near Beifalr 0635 1948-59 36.32 34.:43
Mission Creek near Bremerton 0645 1946-53 4941 46 .84
Mission Creek riear Belfair 0650 1946-52 37.83 35,85
Gold Creek near Bremerton 0655 1946-60 54,27 51.44
Tahuya River near Bremerton 0660 1946-56 50,04 47.43
Panther Creek near Bremerton 0670 1946-53 41.66 39.49
Tahuya River near Belfair 0675 1946-56 43,42 41,15
Dewatto. Creek near Dewatto 0685 1948-54, 1859-60 49 .95 47.34
Dogfish-Creek-near-Poulsho 0700 1948-60 24,03 22:78
Chico Creek near Bremertan 0720 1948-50 33.07 31.34
Blackjack Creek at Port Orchard 0725 1948-50 2361 22.38
Burley Creek at Burley 0730 1948-50 3373 31.97
Huge Creek near Wauna 0735 1948-60 24.55 23.28

Continugus streamflow records provide the bestdata for
studying this low-flow period, but miscellanepus:measurements
give-wider, more economical coverage and as aresult have been
employed to-furnish the bulk of information for this area, Mis~
cellaneous low~flow measurements made by the U.S. Geological
Survey of most of the larger streams have been summarized in
table 11. To provide complete coverage of all streams; the
Divigsion of Water Resources. in the summer of 1961 made low~
flow measurements or estimates on all remaining small stream
systems nob previously measured by the U,5.G.S. (table 48).
Spot measurements or estimates.do-not necessarily indicate
the minimum flow to be expected;, but they do provide approxis
mations of the relative magnitudes of low flows.

Upstream diversion and consumptive use probably
influence many of these low-flow figures, but existing infar-
mation is inadequate to determine the extent, Since with-
drawals are generally at'a peak during the low~flow peried, it
is logical to assume that neatly all of the upstream diversions
allowed by water rights for consumptive uses are reflected in
gach low-flow measurement,

As mentioned previously, flow=duration-curves (pages
70 =~ 91 have been developed for the streams with five or
move years of continuous record. - These.curves provide useful
information by -showing the yearly or monthly duration of 3
given low flow over the particular periad of record.

A more comprehensive picture of streamflow variations
during the low-flow peri